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ABSTRACT
The purpose of studying the hydrocarbon producing Bluell zone (upper
Mission Canyon Formation), Flaxton Field, northern Burke County, North
Dakota was to understand and explain its deposition, diagenesis, and
hydrocarbon occurrence .

The rocks of the Bluell zone were deposited

mainly in shallow, sublittoral settings.

Seven distinct lithofacies

can be recognized in the Flaxton Field area: A) coated grain , intraelastic packstone and grainstone; B) skeletal, peloidal, intraclastic
wackestone and packstone; C) fenes-tral , green algal mudstone and wackestone; D) skeletal, slightly intraclastic wackestone and packstone;
E) patterned dolomitic mudstone; F) intraclastic, peloidal wackestone;
and G) dolomudstone.
The history of Bluell deposition at Flaxton Field can be subdivided
into four depositional time units (T1-T4) .

Deposition of the lower

Bluell occurred during T1 (early Bluell time), in a shallow sublittoral
environment in which topographic highs were subaerially exposed during
occasional drops in local water levels.

Sub-environments during T1

include: broad, gently sloping, topographic highs; shallow sublittoral
environments that contained lagoon-like conditions; and topographic
lows which experienced near-normal marine conditions.

Deposition during

T2 (middle Bluell time) was in a supralittoral environment during which
significant amounts of silt-sized quartz grains were transported into
the study area by eolian processes .

During T3 (middle to late Bluell

time), shallow sublittoral and littoral deposition occurred across the
study area.

Throughout most of T4 (late Bluell time), across the study

area and possibly along the northeastern margin of the Williston Basin,
xvii

deposition was primarily through the subaqueous precipitat i on of pri mar ~·
dolomite and the deposition of quartz grains by eolian processes.
The diagenetic history of the Bluell rocks at Flaxton Field is
very complex .

The major diagenetic processes that occurred in the study

area include: cementation, pressure solution, dolomitization, the
creation of porosity , the development of structure, and the migration
of hydrocarbons.

In addition, several minor diagenetic processes have

been recognized to have been active in the Bluell rocks at Flaxton Field.
These minor processes include: micritization, pyritization, compaction,
neomorphism, and silicification.
This study has also found that the majority of present day structure
in the Bluell zone at Flaxton Field is not a result of the differential
compaction of sediments , but instead, is probably a result of tectonic
movement.

The trapping of hydrocarbons in Bluell rocks in the Flaxton

Field study area is controlled both by structure and stratigraphy with
the majority of hydrocarbons being produced from mud-supported rocks
that contain a system of interconnected micro-vuggy pores.

xviii

INTRODUCTION
Purpose
The purpose of this thesis is to examine and explain the deposition ,
diagenesis, and hydrocarbon occurrences of the Bluell zone, (upper
Mission Canyon Formation), Flaxton Field , Burke County, North Dakota.
The study will include detailed depositional and diagenetic data from
which the depositional and diagenetic history of the Flaxton Field
will be interpreted .
This study was undertaken because of two events .

First , the 1981

discovery and development of production within the Bluell and Sherwood
zones in Flaxton Field has resulted in an increase in exploration and
discovery of hydrocarbons in the area surrounding Flaxton Field. The
resulting exploration and development programs in and around Flaxton
Field have provided large amounts of data, enabling one to construct
detailed depositional and diagenetic models .

Second, the study of

Stanley Field by Beach and Schumacher (1982) presented evidence suggesting that differential mechanical compaction of Sherwood and Bluell zone
sediments played a major role in the formation of a stratigraphic trap .
Until recently , mechanical compaction of carbonates was thought to have
been an insignificant process.
Exploration for Bluell production has steadily increased in the
last 5 years, presenting a need for a better understanding of the
depositional and diagenetic characteristics of the Bluell zone which
will further exploration and exploitation of hydrocarbon reserves in
Burke, Mountrail, Ward, and Renville Counties, North Dakota .

2

Regional Setting
The Williston Basin is a sedimentary and structural basin which
underlies portions of North Dakota, Montana, South Dakota, and the
Canadian provinces of Saskatchewan and Manitoba (Fig. 1).

The Basin

is an intracratonic basin with its center located in McKenzie County,
North Dakota, where approximately 16,000 ft. (4,875 m) of sedimentary
rocks represent all Phanerozoic systems (Gerhard and others, 1982).
The Flaxton Field study area is situated in the northeastern portion
of the Williston Basin (Fig. 1).

The nearest structural feature to

the study area is the Nessen Anticline, approximately 25 miles (40.2
km) to the southeast.

The Nessen Anticline is a north-south trending

feature which has been suggested by Longman (1982) and Obelenus (1985)
to have been a positive feature during Mission Canyon deposition.

Known

structural features in the Williston Basin are shown in Figure 2.
Study Area
The study area is a rectangular area situated in northern Burke
County, North Dakota (Fig. 3).

The study area covers 102.5 square

miles (266.5 sq. km) and includes all of Flaxton Field, which is the
focus of this study, and portions of Woburn, Lignite, and Portal Fields
(Fig. 3).
Nomenclature
Peale (1893) first applied the term "Madison Limestone" to Carboniferous strata which crops out near Three Forks, Montana (Fig. 4).
The Madison was elevated to group status in 1922 by Collier and
Cathcart, who subdivided the Madison into two formations, the Lodgepole
and the Mission Canyon.

Both formations received their respective names

3

Figure 1.

Map showing the outline, location, and approximate paleolatitude (during Mississippian time} (Habicht, 1979) of the
Williston Basin in United States and Canada. Modified from
Gerhard and others, (1982) .
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Figure 2.

Major structures or the Williston Basin and location of
study area. Modified rrom Gerhard and others, (1982).
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from canyons which expose their type sections in the Llttle Rocky Koutalns of Montana
Seager

first applied the term "Charles Formation" to a

1942

section of evaporites whlch he had described ln the Arre Oil and California Company well, located ln the SE NW sec. 21, T.15N
Garfield County. Montana

R.30E

Hot knowing whether the Charles should be

placed at the top of the Madison or at the base of the overlying Big
Snowy Group Seager

1942) arbitrarily placed the Charles at the base

of the Snowy Group

The Charles remained at the base of the Big Snowy

group until 1951

when Sloss and Moritz suggested that the Charles be

placed at the top of the Madison Group for genetic reasons
In a 1954 report on the Mississippian of the northeastern Wllllston Basin. Thomas suggested that the Mission Canyon be subdivided by
using silt zones which he interpreted to be depositional cycles Thomas
Thomas applied the subscripts MC-

1954)

through MC-5 to denote each

subdivision
In 1956, the Saskatchewan Geological Society organized a committee
to study and clarify the nomenclature or the Mission Canyon and Charles
Formations

The committee recognized the works of Fuller ( 1956) and

with a few modlflcations, adopted his subcl.lvislons for the upper Kadlson
Group, and therefore. the Sakatchewan Geological Society suggested
that the entire Madison Group be subdivided in the rollowlng ascending
order

the Souris Valley, the T1lston the Frobisher-Alida the Midale,

the Ratcliffe, and the Poplar "beds"

This scheme was also accepted

by the Horth Dakota Geological Survey and the Borth Dakota Geological
Society

Figure 4.

Stratigraphic nomenclature of the Madison Group (Mississippian) which has been proposed by various authors.
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Harrison and Flood. (1956) also subdivided the Mission canyon and
Charles Formations using a scheme similiar to that suggested by Thomas
in 1954; however, because of an increase in subsurface data from increased exploration, Harrison and Flood 1956) were able to make several
revisions of Thomas
Anderson

correlations.

1958), in an attempt to eliminate the confusion in cor-

relating the Mississippian system, presented the various nomenclature
schemes then being used and correlated them to the subdivisions of
the Mission Canyon Formation as suggested by Harrison and Flood. (1956)
(Fig 4)

In subdividing the Charles, Anderson

1958) adopted the scheme

which the Saskatchewan Geological Society suggested in 1956, which
the units in ascending order as

ists

the Hastings-Frobisher, the Midale

the Ratcliffe, and the Poplar "beds"
In 1960 the North Dakota Geological Society formed a committee
to clarify the nomenclature in the Horth Dakota portion of the Williston
Basin and make it correlative across the international boundary

The

chairman of this committee published a report {Smith, 1960) in abstract
form which retained, for the most part, the nomenclature suggested
the Saskatchewan Geological Society ln 1956

by

The changes which Smlth

(1960) made included the substitution of the term "Bottineau" for "Souris
Valley" and the addition of the Rival subinterval at the top of the
Frobisher-Alida interval

and the Midale subinterval at the base of

the Ratcliffe interval (Fig 4)
A study by Harris, Land, and McKeever
ville

1966}

or

oil fields in Ren-

Bottineau, Ward and McHenry Counties, North Dakota, recognized

and defined six cycles within the upper Mission Canyon Formation

listed
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in ascending order): the Landa, Wayne, Glenburn Mohall
and

Bl uell "beds" (Fig. 4

Sherwood

Harr ls and others ( 1966, p 2272) , stated

that "five·thin but remarkably persistent, widespread, argillaceous
and sandy dolomite beds and in some places sandstones" are each representative of influxes of terrigenous elastic material during an eastward
transgression of the sea

Harris and others

1966) therefore considered

these influxes of elastic material to be "reliable tlme-stratlgraphlc
markers ln the upper Mission Canyon sequence"

The nomenclature sug-

gested by Harris and others (1966) ls shown ln Figures 4 and 5
Work by carlson and Anderson

1966) suggests that the Lodgepole.

Mission canyon, and Charles Formations

be

considered intervals within

the .. Madison Formation"

However, the work by Bluemle and others

vhlch this study applies

treats the Lodgepole, Mission Canyon, and

1980)

Charles as Formations within the Madison Group
For a comprehensive review of Williston Basin nomenclature and
stratigraphy, refer to Anderson
Obelenus

1958}, Sando and Dutro

1974), and

1985)

0eta11eg stratigraphy
The focus of this study is on the informally named Bluell beds
ln Flaxton Field

Originally, when Harris and others

1966) defined

the Bluel! cycle, they placed i t at the top of the Mission canyon Formation and designated the base of the Bluell to be at the top of the
Shervood argillaceous marker and the top or the Bluell to be at the
top of what ts referred to as the State "A" marker.
Stanley Field by Beach and Schumacher

In the study or

1982), the same markers are

used to define the Bluell cycle. but they referred to the rocks as the
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Figure 5

Southwest to northeast schematic cross secton illustrating
Upper Mission Canyon sedimentary units and their overlying
markers that are present in north central North Dakota.
Modified from Harris and others (19661.
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Bluell zone.

The recent work or Voldseth

1986} on Flaxton Field con-

tends that tvo addltlonal unlts are developed at the top or the Mission canyon Formation, overlying the Bluel! zone, and therefore proposes that the units Coteau and Dale be added to Klsslon canyon nomenclature in the northeastern portion or the Wllllston Basln (Fig 4).
However, because or the advanced stage of this report at the time of
Voldseth's published vork, this report adopts the terminology used
by Beach and Schumacher

1982) and the term "Bluell zone .. is hereafter

used instead of "Bluell beds''
In namlng the cycles of the upper Mission canyon Formation ln
north central North Dakota the Bluel! zone being the exception), Harris
and others

1960) named each cycle from corresponding all and gas fields

which had received their name from the nearest town to vhich the field
was discovered.

The name "Bluell", however, ls believed to have

originated from a trlangulatlon station that ls located just vest or
the Bluell Field
In the Flaxton Field study area, the Bluell zone overlies the
Shervood Arglllaceous marker and underlies the Rival subinterval (Flg

7)

The Sherwood Argillaceous marker on most gamma-ray logs ls charact-

erized by a two pronged response {Fig 7). 3-4 feet {1-1.2 m) thick
The top or Bluell zone ls represented by the contact between the underlying State "A" marker bed and the overlying Rival subinterval.

Porosity

logs indicate that this contact ls characterized by a sharp decrease
ln porosity {Fig. 7

The State "A" marker, which is usually located

within the top 8 ft (2.5 m) of the Bluell zone {Fig 7), was first
named

by

geologists working with the upper Mission canyon ForD18tlon
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along the eastern portion of the Williston Basin 1n North Dakota

The

name "State A" was derived from the Ward-W1111ston Drilling Company's,
State A-2 well, which ls located 1n Bottineau County, North Dakota
NE SW NW, sec

36, T.164 N, R.80 W
Field History

During efforts to find oil and gas reserves adjacent to the Hesson
Anticline, Flaxton Field was discovered in 1956 by Texota 011 Company
when they drilled and completed the M Sorum #1, SE SE sec Z3
162 N., R. 91 W

Initially, production was from the Rival subinterval

lower Charles Formation)

Further exploration and development resulted

in a total or 38 producing wells from zones in the lower Charles Formation in 1980
In November or 1981, Black Hawk Resources drilled the Peterson
44-14

SE SE, sec

Charles production.

14,

T. 163 N., R 91 W., in hopes of finding

After drilling to the base of the Charles Form-

ation, no economical reserves were found and the well was plugged
Suspecting that Black Hawk had misinterpreted the Peterson well
Monsanto Oi

Company drilled the Bird #1, SE NE, sec

13, T 163 N.,

R 91 W. and found commercial amounts of oil and gas within the Bluell
and Sherwood zones of the upper Mission Canyon Formation, and this is
now considered the discovery wel
in Flaxton Field.

for upper Mission canyon production

The Peterson 44-14 was later redrilled and completed

by Monsanto and renamed the Arlene #1
The discovery of Mission Canyon production subsequently started
an extensive drilling program by Monsanto and several other companies
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resulting in a present day total of 45 wells, with 34 producing and
11 dry holes

Flaxton field is presently operated by Monsanto Oil Co
Methods

Approximately 245 boreholes lie within in the study area with
the majority of wells penetrating only to the depth of the lower Charles
(Kidale and Rival subintervals) Formation.

The borehole data for all

the wells was supplied by the North Dakota Geological Survey

Well

logs were used to determine the total depths and corresponding horizons
which each well penetrated

Log picks were made of the Sherwood argil-

laceous marker, the base of the State

"A",

the top of the State

"A"".

the Rival subinterval, the Midale subinterval, the lower Berentson
the upper Berentson

the Ratcliffe interval, the Spearfish Formation,

and the Newcastle Formation.

Based on the well log picks, structure

maps were constructed on top of the Sherwood Argillaceous marker, the
base of the State

"A",

the top of the Midale subinterval, and the top

of the Ratcliffe interval

In addition, isopach maps were made of

the Bluel! zone and of the Midale subinterval to Bluel! zone
tion map was also made of the Bluel! and Sherwood zones.

A produc-

For the purpose

of analysis and the correlation of facies, two structural and two stratigraphic cross-sections were constructed across Flaxton Field
Twenty one cores, totalling 900 feet (274.3 metres) were megascopically described in detail using a 10x hand lens and a binocular microscope

Each core description included

the depth of interval described

the type of contact, general color, mineral composition, grain type(s),
fauna, fabric, sedimentary structures, estimated percent of porosity,
pore type(s), type(s) of cement, and general comments

Dilute
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Figure 6

Map showing the location of oil fields in the Williston
Basin. Modified from Blumle (1985).
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hydrochloric acid was applied to selected samples in order to determine
relative amounts of dolomite and ald in the determination of anhydrite
and calcite filled fenestrae

Two hundred samples of representive

lithologles and sedimentary structures were photographed and prepared
ror thin section and petrographic analysis

All thin sections were

stained vith allzarln reds using the procedures suggested by Friedman
1959)

Microscopic analysis of thin sections included: the identification,
description, and relative percentage of grains, the packing and sorting
of grains, the identification of cements and correspnding crystal morphologies. description of possible sedimentary structures, diagenetic
features, relative porosity value(s), pore type{s)

and rock name

Core and thin section descriptions incorporated the classifications
of Dunham

1962} for carbonate rocks, Maiklem and others

anhydrites, and Choquette and Pray 1970} for pore types

1969) ror

Petrographic

descriptions vere accomplished thru the use of a petrographic microscope and a Scanning Electron Hicroscope/H1croprobe

SEM/Microprobe

work also included the photographing of core chips which contained
the various pore types found throughout the study area within the Bluell
zone

Previous ~orks
Until the late 197o·s and early 19so·s Bluell production was
vell known only from the Bluell F1eld in Horth Dakota.

The discovery

of Stanley Field 1n 1977 and of Flaxton Field in 1982 made the Bluell
zone a target for many e,cploration programs
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One or the earliest studies or Mississippian oil fields was done
by Edie

i958), ln vhich he evaluated the upper Mission Canyon and

lover Charles Formations in southeastern Saskatchewan.
found that compaction was a factor ln the reduction

or

Edie

i958)

primary porosity

a phenomena which was at the time ignored by carbonate geologists
Anderson Hansen, and Eastwood (1960) reported on Oil Fields in the
Burke County Area.

Although their study focused on the Rival and Midale

subintervals of the Charles Formation

their interpretations of

lineaments and fractures may also relate to underlying zones throughout Burke County
During the late 1970's and early 1980's, an increase in hydrocarbon
exploration resulted ln the discovery or several new fields which produce
from the Frobisher Alida intervals

In response to these discoveries

several field studies and a few regional studies or the Frobisher Alida
interval were published
Gerhard, Anderson, and Berg

1978} suggest that vadose diagenetic

processes played a major role in developing the fabric and porosity
ln the Glenburn Field

Gerhard

1985) suggests that it is "probable

the Mission Canyon limestone in other rields or the Williston Basin
had similar origins" to that or Glenburn Fleld
Studies on the depositional facies diagenetlc features and reservoir characteristics of the undifferentiated Frobisher Alida interval include Lindsay and Roth

1982) and Lindsay and Kendall

i985)

in the Little Knife Field, and Altschuld and Kerr (1982) and Stephens
1986)

ln B1111ngs Ant1cllne area .

Both study areas are situated in

the central portion or the Williston Basln in parts of McKenzie
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Billings, and Dunn Counties, North Dakota
In a detailed study of the Glenburn zone at Haas Field, Elliott
1982 suggested that burial dlagenetlc processes as opposed to vadose
dlagenetlc processes, were the major processes which developed the
field's reservoir rock
by Gerhard and others

Elliott
1978

1982),

dismisses the theory presented

that vadose diagenetic processes developed

the reservoirs of other Mission canyon fields in the Williston Basin
In addltlon, Elliott

1982

recognized several thin, patterned dolomite

beds which he interpreted to represent cyclic evaporitic conditions

that existed in localized areas
1982

The study of Haas Field (Elliott

ls pertinent to the Flaxton study, because a similar vell-

developed, patterned dolomite bed cuts across the entire Flaxton Field
Haas Field is located in northwestern Bottineau County, North Dakota
Fig 7), approximately 47 miles 75.6

km)

east

Studies by Shanley 1983) and Obelenus

or

Flaxton Field

1985) have interpreted

the Frobisher Alida interval in the northeastern portion of the Williston
Basin

Shanley

1983) suggested that the Frobisher Alida interval repre-

sents the deposition or perltldal sediments on a rlat which separated
a shallow open marine shelf from an evapor1t1c lagoon

Shanley 1983)

also suggested that the markers which have been described by previous
writers are caused

by .. eustatic

sea level lovstands" and therefore

can be considered time-stratigraphic markers
study Obelenus

1985) suggests that the Frobisher Alida interval repre

sents the progradation
Obelenus

In a somewhat contrasting

or

complex carbonate and evaporitic facies

1985}, therefore concluded that 1t was not necessary to call
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upon numerous sea level fluctuations to produce the numerous carbonate
and evaporltic successions observed in the Frobisher Alida interval
Few studies have specifically interpreted the Bluel! zone

Asquith

1979) briefly discussed the Bluell at Truro Field in Renville County
North Dakota {Fig 7), as an example of a regressive succession in which
the paleoshore could be delineated and mapped
Studies which have interpreted the Bluell in the vicinity of Flaxton
Field include Beach and Schumacher
(1982) in the Innes Field, Quinn

Horth Dakota, and Voldseth
Beach and Schumacher
paction to

be

graphic trap

1982) ln the Stanley Field, Crabtreee
1986)

in southwestern Renville County,

1986)
1982) suggest differential mechanical com-

the primary factor which developed Stanley Field's stratiStanley Field is approximately 46 miles south of Flaxton,

in central Mountrail County, Korth Dakota, and produces from the Bluell
and Sherwood zones
In the Innes Field, Crabtree

1982) interprets the upper Frobisher

Alida sediments to have been deposited along the margin of a fluctuating
shoreline. vlth the reservoir rock of the Innes Field developing on
the "perlfery of a Frobisher tidal channeltt
approximately 65 miles

Innes Fleld ls located

104.6 km) northwest of Flaxton Field, ln the

Canadian Provlnce of Saskatchewan
Sherwood, and Bluel! zones

Innes Field produces from the Mohall

Crabtree

1982) also suggests that the

upper Frobisher Alida deposits are analogous to deposits ln Shark Bay
Western Australla.

The majority of previous studles suggest the Fro-

bisher Alida deposits are similar to those along the modern Perslan
Gulf.
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~ulnn

1986),

ln a study or the Bluell zone ln southwestern Ren-

ville County, North Dakota, suggested that the majority of the Bluell
zone vas deposited in a subaqueous, restricted hypersallne environment
Qulnn

1986) also interprets that the marker beds vhich are present

in his study area
A" marker

the Sherwood argillaceous marker and the "State

represent drops in sea level and the deposition of eolian

sediments ln sabkha environments
Voldseth's (1986 p. 27) interpretation is that most or the Bluell
zone (hls Coteau, Dale, and lover Hesson) vas deposlted in "shallov
subtldal and marginal-marine supratldal"' environments.

Voldseth

1986

further suggests that the phenomena of differential compaction, which
ls believed to have occurred at Stanley Field (Beach and Schumacher,
1982

has also developed the structure of the Flaxton Field

LITHOFACIES DESCRIPTIONS
Introduction
Seven major llthofacies have been recognized within the Bluell
zone at Flaxton Fleld

Li thofacies include

A) Ooll Uc

Intraclastic Packstone and Grainstone; B) Skeletal
elastic Wackestone and Packstone

Plsoll Uc.,

Peloldal

Intra-

C) Fenestral and Green Algal Mudstone

and Wackestone; D) Skeletal, Slightly Intraclastic Wackestone and Overpacked Packstone

E) Patterned Dolomitic Mudstone F Intraclastic

and Peloldal Wackestone and Packstone; G) Dolomudstone

Each lltho-

facies vas determined using log responses along with megascopic and
microcopic descriptions of core samples
Each llthofacies is either laterally correlative to some degree
across Flaxton Field, or ls locally well developed in a particular
wel

In determining the individual lithofacies, criteria such as

the presence of allochem types their relative abundance, orthochem
types, and sedimentary structures were used

Several of the major

llthofacies frequently interfinger with one another

resulting in dev-

elopment of several minor llthofacles throughout the field

Although

orthochems were used in ldentlflng llthofacies, their descriptions
will be covered in detail under diagenesis
To help in understanding the following detailed descriptions,
several deflnltlons have been llsted for reference
Intraclast

Large particles derived by desiccation breakage or

burrow disruption of penecontemporaneously deposited carbonate
sediment (Wllson

1975)
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Pelold:

An

allochem formed or cryptocrystalllne microcrystalline

material, irrespective or size or orlgln (Mckee and Gutschlck, 1969
Grapestone: Aggregated lumps or peloids, ooids

or skeletal debris

cemented together by micritic aragonite; these also may be coated
(Wilson. 1975; Bathurst, 1975)
Pisoid Subspherical to spherical carbonate grains greater than 2mm
in diameter, concentrically laminated around a nucleus or variable
composition (Bathurst, 1975, Gerhard, 1985).
Ooid: Subspherical to spherical carbonate grains less than 2mm in
diameter, characterized by an internal structure composed of
tangentially or radially oriented elongate crystals which surround
a nucleus or variable composition (Bathurst, 1975); a spherulite
is considered a type of ooid which exhibits radial fibrous spar
coatings, but lacks an ldentlflable nucleus (Chafetz and Butler
1980)

Skeletal debris: Smal
which can not

be

(silt.and fine-sand size) skeletal material

positively identified

Onkoid: Algally coated grains, generally over 2mm in diameter
Coats are generally irregular or crinkly (Wilson, 1975)

L1thofacies A
Lithofacies A contains light brovn to gray oolltlc, plsolltlc,
lntraclastlc packstones and grainstones

Where developed, llthofacies

A ranges tn thickness between 22 reet (6.71 m) and 4 reet (1.22 m).
In order or decreasing abundance, colds {5-80 percent), pisolds
(20-60 percent), and intraclasts {5-65 percent make up the majority
or allochems (Figs 8, 9, 10). with pelolds, grapestones and skeletal
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Figure 8

Core photo of an oolitic, pisolitic, intraclastic wackestone
and packstone, illustrating the ooids, pisoids, and intraclasts which make up lithofacies A. Note the hardgrounds
(arrow), which in lithofacies A, probably developed during
short periods of subaerial exposure. Scale is '3 centimetres
Galvin No. 1 at 5753 ft (1754 m).

Figure 9

Core photo of an intraclastic and oolitic packstone and
grainstone, also illustrating the well rounded intraclasts
and ooids within lithofacies A, along with numerous fenestrae. The numerous vertical microfractures seen in this
photo (arrows) are rare in lithofacies A. Scale is 3 centimetres. Jensen No. 2 at 5751 ft (1753 m).

Figure 10

Core photo of an intraclastic and oolitic packstone, further
illustrating the grains which make up lithofacies A. Scale
is 3 centimetres. Ronald No. 1 at 5683 ft (1732 m).
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material occurring in minor amounts

Ooids, ranging in size from 0.3

mm to 1.0 mm, have radlal fibrous laminae and nuclei which are fragments or other radial fibrous ooids (Figs

11 and 12

Several oolds

exhibit nuclei which are too small to define microscopically and are
thus considered spherulites

Pisoids range in size from 2.3 mm to

6.5 mm and exhlblt coating or radial fibrous spar alternating with

micrl tlc lamlnae (Fig

13)

Nuclei of the pisolds consist of either

peloids, lntraclasts or skeletal debris
irregular or crlnkly laminae

Only a fev piso1ds exhibit

lntraclasts. ranging in size from 1

mm to 1.5 mm, are angular to subrounded, micritlc, and lack any internal
structure
Peloids (2-20 percent}, most abundant of the minor allochems
are approximately 0.1 mm to 0. 6 mm in size, spherical to elllptlcally
shaped, and are usually micrltlc
usually occur in

ithofacles A

meter and are usually composed

Grapestones and skeletal material
Grapestones are, cm to 2 cm in dia-

or

ooids and peloids (Flg. 14

grapestones have radial fibrous coatings

A few

Skeletal material consists

or ostracods, gastropods, calcispheres, the blue green algae Ortonella
and skeletal debris
The matrix (10-55 percent

is dominantly composed of mlcrlte

except for a rev instances where neomorphic spar has replaced the micritic matrix, thus resulting in a recrystallized packstone fabric (Fig
15}

Cement is usually calcite and occurs as equant and occasional,

fibrous or lsopachous spar
Numerous irregularly shaped fenestrae dominate the sedimentary
structures characteristic of llthofacies A

The fenestrae are either
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Figure 1

Core photo of an oolitic and slightly pisolitic grainstone
and packstone, shoving the roundness and easily distinguished
laminae on each ooid or pisoid. Scale is 3 centimetres.
Ronald No. 1 at 5691 ft (1735 m).

Figure 12

Photomicrograph of acids, similar to those in Figure 11.,
illustrating their microstructure. Most of the coated
grains in the study area consist of alternating radial
fibrous and micritic laminae (arrow). Note the ooid in
the lover center of the photo, which was broken and then
recoated. Bar scale is 1 millimetre. Ronald No. 1, 5683
ft (1732 m).

Figure 13

Core photo of pisoids (oncoids) which are coated with radial
fibrous cement and micritic laminae which probably are
algal in origin. Scale is 3 centimetres. Faith No. 1,
5785 ft (1763 m).
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Figure 14.

Core photo of a pisolitic and oolitic packstone containing
a grapestone clast of ooids and pisoids in the left center
or the photo. Scale is 3 centimetres. Hanson 22-15 at
5959 ft (1816 m).

Figure 15

Photomicrograph of a recrystallized skeletal and pisolitic
wackestone. Note that most of the allochems are floating
in spar and that some of the allochems (arrow) have been
partially recrystallized to micro- and psuedo-spar. Bar
scale is 0.5 millimetre. Jensen No. 1 at 5748 ft (1752
m).

Figure 16

Photomicrograph of a vug (P) which is completely lined with
dogtooth (equant) spar (C). Bar scale is 0.5 millimetre.
Galvin No. 1, 5755 ft (1754 m).
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partially or totally occluded with calcite spar (Fig

16}

Several

microerosional surfaces occur, with a few examples having isopachous
spar along and beneath the erosional surfaces (Figs

17 and 18)

Rarely,

desiccation cracks are recognized and these are usually filled with
anhydrite (Fig 1,1
Pore types include lntergranular, micro-vuggy, and vuggy

Porosity

values range between 2 percent and 16 percent, and average approximately
8 percent.

The higher porosity values appear to be associated with

the development of microvuggy and vuggy pores

Llthofacies B
Lithofacies Bis composed of light brown to pale yellow
peloidal

intraclastic wackestones and packstones (Figs

skeletal

20 and 21

The thickness of thls lithofacies ranges from 8 ft. (2.44m) to 10 rt
(3.05m)
In order of decreasing abundance, skeletal grains (5-70 percent},
peloids (5-75 percent), and intraclasts

1-30 percent are the dominant

allochems within lithofacies B (Figs. 20 and 21)

The most common

allochem found is the green algae Dasycladacea (Fig. 22) and an often
affiliated, spore-like spherical body, referred to as a calcisphere
(Fig 23)

Gastropods and ostracods are also quite common

the blue-green algae

Brachlopods

Ortonella (Fig. 24}, fine-grained skeletal debris,

and unidentifiable red algae occur in minor amounts throughout the study
area, with abundant forams (Fig 25), echinoderm fragments (crlnoldal
columnals and crlnoldal plates) and rugose corals occurring ln a few
wells
Hicrltic peloids occur as spherically and elllptlcally shaped
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Figure 17

Photomicrograph of an erosional and cemented surface that
is characterized by vertical fibrous cement (arrow). According to Hardie and Shinn (1985), vertical fibrous cement
in cemented surfaces, is suggestive of a subaqueous origin.
Bar scale is 0.5 millimetre. Lottie No. 2 at 5837 ft (1779
m).

Figure 18

Photomicrograph of an erosional surface that has truncated
a grapestone clast consisting of micritized ooids and peloids. Bar scale is 0.5 millimetre. Galvin No. 2 at 5802
rt (1768 m).

Figure 19

Core photo of a pisolitic wackestone and packstone that
contains the subaqueous hardground in Figure 17 (arrow
A) and large desiccation cracks that developed during subaerial exposure (arrow B). The cracks were subsequently
filled with spar and secondary anhydrite. Microscopic
examination of the pisoids just below the desiccation cracks;
however, show that they are algally coated and not of a
vadose origin. Bar scale is 3 centimetres.
Lottie No.
2, 5837 rt (1779 m).
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Figure 20

Core photo of a fossiliferous wackestone that represents
lithofacies B. Note the several gastropod tests in the
lower left of the photo. Scale is 3 centimetres. Alfred
No. 1 at 5780 ft (1762 m).

Figure 21.

Core photo of a skeletal, intraclastic, and grapestone wackestone (lithofacies B). The darker grains are intraclasts
and grapestones. Scale is 3 centimetres. Sorum No. 1
at 5825 ft (1775 m).

Figure 22

Photomicrograph of green algae thalli (Kamaenae) (arrow)
and calcispheres, both members of the Dasycladacean Family.
Both are commonly found in lithotypes Band C, but are
difficult to identify megascopically. Kamaena is the long
and cylindrical algae at the top of the photo. Photo
displays both parallel and perpendicular cuts to the caxis of the Kamaenae. Bar scale is 0.5 millimetre. Galvin
#2, 5804.3 ft (1769 m).
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Figure 23

Photomicrograph of several spherical fauna, identified
as calcispheres. Calcispheres are common throughout lithofacies Band C. Note the uniaxial cross in many of the
calcispheres (arrows). Bar scale is 0.5 millimetre. Harms
No. 21-19 at 5997.8 ft (1828 m).

Figure 24

Photomicrograph of the blue-green algae Ortonella. Bar
scale is 0.5 millimetre. Schultz No. 14-4 at 5858.5 ft
(1786 m).

Figure 25

Photomicrograph of forams (Endothyridae) (arrow) found in
lithofacies B. Bar scale is 0.5 millimetre. Stannard No
2 at 5833 ft (1778 m).
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grains, ranging in slze from 0.1 mm to 0.5 mm

Intraclasts occur as

angular to rounded grains and range in slze from 0.5 mm to 2.3 mm,
vlth the average lntraclast approximately 0.8 mm ln diameter

Other

allochems which occur ln minor amounts include radial fibrous colds,
grapestones, pellets, and quartz grains
ooids possess nuclei which appear to
fibrous ooids or spherulites

be

Many of the radial fibrous
fragments of broken radial

The majority of the ooids are spherical

and range between 0.6 mm and 1.5 mm in diameter

Grapestones, with

skeletal debris usually acting as nuclei, are approximately 3.0 mm
to 5.0 mm in diameter

Pellets occur as spherical, mlcrltlc grains

averaging 0.15 mm in diameter

Quartz grains, occurring in matrix

and vlthin clasts, are angular to subrounded and range ln size between
25 and 30 microns
Micrite, ranging between 20 and 70 percent of the total rock volume
makes up the majority of the matrix in lithofacies B

Occasionally

microspar and some psuedospar replace the original micrltlc matrix.
Sedimentary structures consist of occasional mlcro-eroslonal surfaces (Fig. 26), cemented surfaces, and occasional zones of irregularly
shaped calcite and/or anhydrite occluded fenestrae
are usually filled wlth fibrous

Calcltic fenestrae

bladed and equant spar

Several pore types such as intergranular, moldic, micro-fracture,
mlcro-vuggy, and vuggy are recognized throughout llthofacles B (Fig
27

lntergranular porosity is the most common , and where present

averages between 5 and 6 percent.

With the addition of mlcro-vuggy

and vuggy pores. porosity values as hlgh as 15 percent are easily
achieved
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Figure 26

Core photo or a green algal and skeletal wackestone (lithoracies B) which illustrates one or the cemented surfaces
(arrow) found ln llthofacies Band C that formed subaqueously. Scale ls 3 centimetres. Sorum No. 1 at 5826.7
rt (1776 m).

Figure 27

Photomicrograph or micro-vuggy pores (P) in a skeletal wackestone. These micro-vuggy pores probably were formed by
dissolution. Mlcro-vuggy pores are pores less than 0.5
mm in size. C = calcite spar. Bar scale is 1 millimetre.
Stannard No. 2 at 5838.6 rt (1780 m).

Fl&Ure 28

Core photo or a renestral and green algal wackestone and
mudstone that is representative or lithofacies C. Note
the cemented, vertical fractures which are common ln the
mud-supported rocks or Band C. Scale is 3 centimetres.
Sorum No. 1 at 5816 (1773 m).

581~· •. . •
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.Figure 28
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Figure 29

Photomicrograph of the numerous ostracods (arrow) that
occur in lithofacies C, and throughout the Bluell zone
at Flaxton Field. Photo also shows a fenestra lined with
fibrous cement and subsequently occluded with equant or
blocky calcite spar. Bar scale is 1 millimetre. Alfred
No. 1 at 5785.8 ft (1764 m).

Figure 30

Core photo illustrating elongate and tubular shaped sedimentary structures, which are interpreted to be trace fossils
of burrowing worm tubes (arrows). Scale is 3 centimetres.
Sorum No. 1 at 5821 ft (1774 m).

Figure 31

Core photo also shoving the calcite spar filled trace fossils
common in lithofacies C. It is probable that many workers
have misidentified oblique cuts across these trace fossils
as fenestrae. Scale is 3 centimetres. Marvin No. 1 at
5800 ft (1768 m).

Figure 30
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L1thoractes c
Llthofacles C, a brown, fenestral and green algae mudstone and
wackestone, (Fig 28) is a randomly developed lithology occurring
primarily vlthln the central portion of Flaxton Field

Skeletal grains

(2-60 percent or the rock volume) dominate the allochems wlthln llthofacles C

The most common skeletal graln ls the green algaeacea

ing calclspheres)

includ-

Additional skeletal grains include numerous ostracods

(Fig 29) and large amounts

or

fine-grained skeletal debris

Echinoderm

fragments such as echinoid spines. ctlnold columnals, and crlnold plates
along vith gastropods, forams. and blue green algae are found in much
lesser amounts

Many or the calcite fllled, fenestrae-looklng structures

or pseudoblrdseye in llthofacies Care actually trace fossils of burrovlng worm tubes (Figs

30 and 31)

Shinn

1983) , suggests the use of

the term "pseudobirdseye" to described tubular fenestrae when they occur
in association with fenestrae or blrdseye
Other non-skeletal allochems which occur in lesser amounts include
peloids and lntraclasts

Peloids range in size between 0.1 mm and 0.5

mm and are spherical ln shape

Rounded to subrounded intraclasts range

in size between 0 . 5 mm and 1 mm with a rew clasts as large as 4 mm in
diameter

Quartz grains, angular to subrounded and approximately 0.03

in diameter , occur in trace amounts

Matrix averages between 75

percent and 95 percent of the total rock volume, with mlcrite making
up the majority and equant and isopachous spar making up the remainder
Numerous irregularly shaped fenestrae occur vithln this llthofacies
(Fig 28) and are the most prominent sedimentary structures therein
The majority or fenestrae are occluded, but instances do occur where
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fenestrae are only partlally occluded {Fig 32).
usually contaln varlous amounts
(Fil 33}

or

The occluded fenestrae

lsopachous, bladed, and equant calcite

Fenestrae are rarely occluded with anhydrite cement

Occasionally, thin

1.0 cm to 2.0 cm) cemented surfaces and thin

1.0

cm to 2.0 cm) layers of mudstone are interbedded wlthin thls lithofacles
The most common pore type in 11thofacies C 1s intergranular
Occasional development of micro-vuggy and vuggy pores has occurred
enhancing porosity values

The average porosity value ranges between

2 percent and 3 percent, but where micro-vuggy and vuggy pores develop,
porosity values as high as 10 percent are achieved

Lithoracies P
Lithofacies D contains grayish brown to

gray,

dolomitic, skeletal.

slightly 1ntraclastic wackestones and overpacked packstones
imately 27 ft

(8.23m) thick, this lithofacies only occurs in the Mon-

santo-Kinson Alvina well, located ln SE 1/4 ME 1/4 sec
R 91 W.

Approx-

4, T 163 N

Although quite similar in fabric to lithofacles B, the notice-

able increase in diversity of fauna and the darker color dictate that
thls particular llthofacies be separated from llthofacies B.
Skeletal grains (Figs

34 and 35) are the dominant allochem in

this llthofacies and constltute 10 to 30 percent 1n the vackestones
and

60 to 65 percent in the packstones

In order of decreasing abund-

flne-grained skeletal debris. brachlopods, bryozoans, ostracods
and echinoderm fragments (crlnoldal columnals, crlnoldal plates, echlnold
spines) make up the majority of skeletal grains.
etal grains include gastropods,

Ortonella,

Minor types or skel-

forams. and coral fragments

51

Figure 32

Core photo of a green algal wackestone which has a rare
example of a vug (arrow) that is only partially occluded.
Most of the fenestrae in the study area are occluded with
calcite spar. Scale is 3 centimetres. Jensen No. 2 at
5748.7 ft (1751 m}.

Figure 33

Photomicrograph of one of the many fenestrae which are
occluded with fibrous (F), bladed (B), and equant (E) cement
Bar scale is 0.5 millimetre. Sorum No. 1 at 5812 ft (1771
m).

Figure 34

Core photo of a skeletal and intraclastic packstone and
wackestone, illustrating the characteristic dark gray color
or lithofacies D. The numerous lighter colored grains
are echinoderm fragments. Bar scale is 3 centimetres.
Kinson-Alvina No. 1 at 5892.4 ft (1796 m).

Figure 34
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Although not nearly as common as bloclasts
second most common allochem

intraclasts are the

Dark gray in color and mlcrltlc in compos-

ition, numerous intraclasts have been replaced by fine-sized dolomite
The majority of intraclasts range in size between 0.3 mm and 0.6 mm
and

are either spherical, elliptical, or angular in shape

The average

grain size ls approximately 1 mm
The lesser occurring allochems wlthln llthofacies
amounts of quartz grains and micrltic pelolds

D

include minor

Quartz grains are angular

and average approximately between 30 microns and 50 microns ln diameter
Few grains are as large as 0.05 mm in diameter

Peloids range in size

from 0.1 mm to 0.5 mm and are usually rounded
Mlcrlte (3-55 percent} and dolomite (5-30 percent usually occur
ln equal proportions

Occasionally, dolomite replaces 80 to 90 percent

of the mlcrlte matrix

Cement consists of dolomite and calcite spar

calcite spar occurs as equant crystals occluding pores and cementing
grains locally
Sedimentary structures include occasional micro-laminae of very
fine skeletal debris (Figs 36 and 37 and burrow structures

Pore

types include lntercrystalllne and intergranular pores, wlth intercrystalline the most common
approximately

8

The average porosity of 11thofacles Dis

percent
Lithofacies E

Llthofacies Eis an easily recognized and correlated patterned
dolomitic mudstone which plays an important role in interpreting the
depositional history of the Bluel! zone at Flaxton Field
to gray, 11thofacies E (F1g 38) averages from 1 rt

Creamy gray

(0 . 31m) to 2 rt
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(0.62m} thlck; however well logs indicate a thickness whlch ranges
between 2 ft

(0.62m} and 4 ft

22m)

The majority of allochems

vithln llthofacles E are detrital quartz grains and dolomite grains
Quartz grains occur as angular to subrounded grains and range in size
from 0.02 mm to 0.05 mm

The dolomite grains are usually rhombohedral

in shape, but a fev appear to be slightly rounded
ally occur within this
No.1 wel

Intraclasts occasion-

thofacles. and are very abundant in the Alfred

located ln the SE 1/4 SE 1/4 sec

12, T 163 N., H 91 W

The majority of intraclasts are mlcrltic and partially dolomltlzed
Angular to slightly rounded, the clasts average from 0.2 mm to 0.3
mm, with a few that are 1 cm in diameter

Trace amounts of peloids

peloidal grapestones, radially fibrous ooids, and skeletal grains make
up the rest of the allochems found vlthln llthofacies E
Mlcrlte composes the majority of the matrix; however, microcrystalline dolomite replaces approximately 15 percent to 40 percent of
the original matrix material (Fig 39)

In addltlon, anhydrite- and

celestlte-replaced gypsum psuedomorphs (Fig. 40) occasionally occur
vlthln llthofacies E
The few sedimentary structures that occur within llthofacies E
include occasional fining upwards of intraclasts well-defined cross
laminae (Fig 41), and anhydrite nodules
occur in the Alfred No

1 SE 1/4 SE /4 sec

A common feature observed within
rence

or

All of these structures only
12 T 163 I., R 91 W

lthofacles Els the random occur·

patterned carbonate (Figs. 42 and 43}

Microscopic analysis

of the patterned texture indicates that the darker areas are concentrations of finely disseminated pyrite which, where developed, makes up
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Figure 35

Photomicrograph or lithoracies D, showing the numerous
and various skeletal grains round within lithofacies D.
Skeletal grains include echinoderm fragments (E)(crinoid
columnals, crinoidal plates), bryozoans (BZ), brachiopod
fragments (B), and forams (F). Bar scale is 0.5 millimetre
Kinson-Alvina No. 1 at 5892.4 ft (1796 m).

Figure 36

Core photo or a dolomitic, overpacked, skeletal packstone
illustrating micro-laminae which probably developed due
to the compaction and dolomitization or sediments in lithofacies D. Scale is 3 centimetres. Kinson-Alvina No. 1
at 5896 ft (1796 m).

Figure 37

Photomicrograph of the adjacent dolomitic, overpacked,
skeletal packstone. The lighter laminae appear to be concentrated with very fine skeletal debris and dolomite.
Bar scale is 1 millimetre. Kinson-Alvina No. 1 at 5896
ft (1797 m).

Figure 36
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Figure 38.

Core photo of a slightly patterned, dolomitic mudstone
(lithofacies E). The well developed microstylolite swarm
(M) in top of the photo is observed throughout the study
area, overlying and underlying lithofacies E. Scale is
3 centimeters. Marvin No. 1 at 5773 ft (1760 m).

Figure 39

Photomicrograph of the above core photo, illustrating the
numerous dolomite crystals and detrital dolomite and quartz
grains in lithofacies E. The quartz grains are noticeably
more concentrated at the top of the photo due to pressuresolution. Bar scale is 1 millimetre. Marvin No. 1 at
5773 ft (1760 m).

Figure 40

Photomicrograph of anhydrite- and celestite-replaced gypsum
(rosette) pseudomorphs (arrow), common throughout lithofacies
E. Bar scale is 0.5 millimetre. Schultz No. 14-4 at 5843.5
(1781 m).
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approximately 10 percent to 20 percent of the rock volume

Although

the orlgin of patterned texture ls not well understood, most writers
(Dixon, 1976; Kendall, 1977; and ElUott, 1982} agree that patterned
texture ls diagenetic in origin and, therefore, it v111 be discussed
in the chapter on dlagenesis
Lithofacles Els developed ln two stratlgraphlc positions in the
Bluell zone at Flaxton Field

However, the upper zone (Fig 43) zone

is slightly darker ln color and contains ostracods and skeletal debris
vhlch constitute approximately 5-7 percent of the its rock volume
The lover development of llthofacles Eis devoid of fossils
stalline pores dominate the pore types in llthofacies E.
values usually range between
eability values are quite low

15

percent to

22

Intercry-

Porosity

percent; however perm-

less than 0.5 md}

L1 thorac 1es f
Llthofacles F contains light grayish brown to light brown, lntraclastlc. peloldal wackestones and packstones (Fig 44), that are occasionally lnterbedded with thin

1

c~ to 2 cm} dolomitic mudstones

The average thickness of lithofacles F ranges between 9 ft
and 10 ft

(2.74ml

(3.05m)

The major allochems ln lithofacies F consist of intraclasts and
peloids.

Intraclasts (4-50 percent are slightly more common than

peloids (2-45 percent)

Intraclasts which are micritic in composition

occur as rounded to subrounded and angular clasts, and range from
0.3 mm to 1.2 mm in diameter

Peloids, 0. 2 mm to 0.5 mm in diameter,

usually occur as spherically shaped grains.
in lesser amounts include occasional plsolds

Other grains which occur
oolds, grapestones, and
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Figure 41

Core photo of cross-laminae, consisting of quartz and dolomite grains, and anhydrite nodules in the patterned dolomitic
mudstone (llthofacies E). Cross-laminae are only found
in lithofacles E in the Alfred No. 1 core and are interpreted
to represent deposltlon in a suprallttoral pond. Scale
is 3 centimetres. Alfred No. 1 at 5771.2 ft (1759 m).

Figure 42.

Core photo of the patterned texture, often associated wlth
llthofacle E. The darker areas represent localized concen~ratlons of pyrite. Scale ls 3 centimetres. Galvin No.
1 at 5748 ft (1752 m).

Figure 43

Core photo of llthofacles E, further illustrating the patterned texture associated with llthofacles E. Again, the
darker areas represent localized concentrations of pyrite.
Scale is 3 centimetres. Lottie No. 1 at 5824 ft (1775 m).

Figure 41

I

c nt1m
Figure 43
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quartz grains
(Wilson, 1975, p

A few of the plsoids and ooids are considered superfical
12) grains because their nuclei are intraclasts or

pelolds which exhibit only one or tvo radial fibrous laminae

The

majority of quartz grains occur within intraclasts and peloids
Biota. such as ostracods, brachlopods, gastropods, calcispheres.
and

Ortonella are common but rarely make up more than a fev percent

of the total rock volume
The majority of the matrix ls composed of cryptocrystalllne micrite
(10-85 percent

However. minor amounts of mlcrospar and pseudospar

occasionally replace matrix and grains
Irregularly shaped fenestrae, occluded vlth either calcite or anhydrite, make up the majority of sedimentary structures

The calcite-

filled fenestrae usually exhibit isopachous spar lining the pores, with
equant spar occluding the remainder of the void
ally occur. but are rarely wel

developed

Hardgrounds occasion-

Cryptalgalaminae also occur

but are only developed near the top of llthofacies F (Fig 44}
Intergranular porosity is the dominant pore type within lithofacies
F.

Generally tight throughout, porosity values average between 2 percent

and 4 percent, and rarely do values exceed 6 percent.

L1thofacies G
Llthofacles G is a yellow brown to brown dolomudstone {Fig 45)
that is commonly referred to as the "State A" marker (Fig 7
top of the •· State A" represents the top or the Bluell zone

The
Represented

in every well within the study area, the "State A" is easily recognized
eastward to the point vhere post-Paleozoic erosion has removed it from
the rock record
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The average thickness of lithofacies G is approximately 8 rt
(2.44m}; however, thicknesses of 2 rt. (0.61m) and 17 rt

(5.18m) occur

respectively along the eastern and northwest edges of the study area
The base or lithofacles G is usually characterized by a sharp contact
and occasionally is characterized by a microstylolite swarm.

In add-

ition. occasional selectively siUciried areas (Fig. 46) occur along
the basal contact

The top of the .. State A" is a gradational contact

between dolomite and nodular anhydrite
Quartz grains dominate the allochems in this lithofacies and make
up between 5 to 10 percent of the total rock volume

Angular to sub-

rounded, the quartz grains are approximately 20 aicrons in diameter
(Fig

47).

Some quartz grains have been partially leached and replaced

vlth dolomite.

Other allochems that occur in minor amounts include

lntraclasts and skeletal grains.

lntraclasts are light gray in color

rounded and are usually composed or very fine dolomite crystals
than 10 microns).

less

The majority of intraclasts range in size between

0. 2 mm and 1 mm with a few clasts as large as 5 mm in diameter

Skeletal

grains consist of ostracods with a few fragmented brachiopoci tests
The matrix ls dominantly dolomite (Figs. 48 and 52} with lesser
amounts of micrite, anhydrite, and trace amounts of calcite spar
Dolomite constitutes between 40 and 85 percent of the total rock volume
Rhombohedral (Fig 48} in shape, two distinct dolomite crystal sizes
are recognized

The majority of crystals range between

3

and 7 microns

with lesser amounts approximately 25 microns in diameter (Flg. 48)
Hlcrite makes up between 5 to 35 percent of the total rock volume
Anhydrite occurs as dlsplaclve nodules, small-scale ropey beds, and
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Figure 44

Core photo of an intraclastic, peloidal wackestone and
packstone (lithofacies F}. Many of the intraclasts are
angular to subrounded. The cryptalgalaminae (arrow} are
common near the top or contact of lithofacies F. Scale
is 3 centimetres. Marvin No. 1 at 5762 ft (1756 m).

Figure 45.

Core photo of a dolomudstone which makes up lithofacies
G ( .. State A" marker bed}. The dark material along bedding
planes (arrow) is pyrite, which is interpreted to represent
layers of cryptalgalaminae. Scale is 3 centimetres. Lottie
No. 1 at 5808 ft (1770 m}.

Figure 46

Core photo illustrating the sharp contact between lithofacies
F and lithofacies G, and the common occurrence of silicified
carbonate (arrow} along the contact of 11thofacies F and
G. Scale is 3 centimetres. Abel-USA No. 1 at 5819 ft
(1774 m}.
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lath-shaped crystals
by

The nodules are microscopically characterized

a felted texture
Several sedimentary structures are recognized throughout llthofacies

G.

The most common structure is cryptalgalaminae (Figs 49 and 51)

Although 1n most cases the laminae are not well-preserved, but pyrlte
precipitated along the former organic layers aided in their recognition.

Additional structures include thin

1-15 mm) beds which occur

vlth associated small vertical cracks filled with sediment (Fig. 50)
Large and deep deslcatlon cracks and small-scale cross-lamlnae rarely
occur ln thls lithofacles (Flg 51).
Intercrystalline pores dominate llthofacies G (Figs. 48 and 52)
Porosity values range between 10 percent and 36 percent.
sity value ls approximately 24 percent

Average poro-
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Figure 47

Scanning Electron Microscope photograph (secondary electron
image, 1500x) or a quartz grain (Q) among dolomite crystals
(D) in a dolomudstone (lithoracies G).
The grain is subrounded, suggestive of transportation. Bar scale is 10
microns. Harms No. 21-1 at 5972 ft (1820 m).

Figure 48

Scanning electron microscope photograph (secondary electron
image, 1100x) of lithofacies G, a dolomudstone. This photo
illustrates the rhombohedral shape of dolomite crystals
which make up lithofacies G. Bar scale is 10 microns.
Galvin No. 2 at 5782 rt (1762 m).

Figure 49.

Core photo or disrupted cryptalgalaminae (arrow) in a dolomudstone or lithoracies G. The disrupted laminae is a
result or either burrowing or the early (sort) cracking
and fill by sediment. Scale is 3 centimetres. Marvin
No. 1 at 5759 rt (1755 m).

Figure 48

-
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Figure 50

Core photo of a dolomudstone ln lithofacies G, illustrating
the slight buckling and disruption of bedding planes, probably caused a short period of exposure. The dark areas
above the bedding (arrow) are concentrations of pyrite.
Scale is 3 centimetres. Faith No. 1 at 5763 ft (1757 m).

Figure 51.

Core photo showing well developed cryptalgalaminae (arrow
C) and a large mudcrack (arrow M) in a dolomudstone of
lithofacies G. The mudcrack probably developed as a result
of desiccation and/or shrinkage, and vas later filled with
sediment. In addition, the precipitation of pyrite along
these vell developed cryptalgalaminae gives supporting
evidence that the thin layers of pyrite throughout llthofacies G represent cryptalgalaminae. Scale ls 3 centimetres. Edith No. 1 at 5748 ft (1752 m).

Figure 52

Scanning electron microscope photograph (secondary electron
image, 2000x) of a core chip from lithofacies G ( .. State
A.. marker bed) illustrating the rhombohedral shape of the
dolomite crystals and their ill-fitting nature, which create
the high porosity values associated to lithofacies G.
Abel-USA No. 1 at 5816 ft (1773 m).

Figure 50

Figure 51

Figure 52

LI]]IOFACIES INTERPRETATION
Intr0c1ucu on
Interpretation or each of the previously described

thofacies

is based on the comparison of features within the Bluell zone at Flaxton
Field to features described and interpreted in both modern and ancient
environments
It is difficult to determine if tides played a major role in the
deposition of the Bluell zone at Flaxton Field

Shaw

1964

contends

that tides in ancient epeiric seas, such as the Williston Basin, were
non-existent

Obelenus

1985), in a contrasting view, argues that

tides did influence the deposition of the Frobisher-Alida interval,
based on the occurrence of "classic tidal nat features" throughout
the Frobisher-Alida

Due to the lack of observable evidence, together

vith the uncertainity among most workers on the role of tides in the

deposition or the Mission canyon Formation, the terms sublittoral
Httoral, and supral l ttoral as defined by Hedgepeth

1957} vU l be

applied to designate depositional zones
Generally, the majority of the rocks in the Bluel! zone at Flaxton
Field are classified as lighter colored
carbonate rocks
Wilson

light brown to grayish brown)

In generalizing about lighter colored carbonate rocks ,

1975) suggests that they may be 1ndlcat1ve of deposltlon in

a shallow-water setting vhere bioturbation is common and/or photosynthesis of blue-green algae oxidizes the sediment

The grayish tint,

which ls often associated with carbonate rocks , is suggested to be a
result or the burial or organic material under a few centimetres or
sediment and the removal of 02, subsequently causing reducing conditions
7
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Lithofacies A
Lithofacles A composed of oolitic, pisolit1c

and intraclastlc

packstones and gra1nstones, is interpreted to have been deposited on
and around broad gently sloping topographic highs, in a shallow subllttoral setting

Periodically for short periods of time

were exposed to subaerial diagenetic processes

these highs

Evidence supporting

this interpretation ls the presence of subaqueously formed ooids and
pisoids subl1ttoral ·enestrae

subl1ttoral hardgrounds, and rare

occurrences of pendant cement
The ooids and pisoids found in lithofacles A along v1th the major-

ity or oolds and pisolds throughout the Bluell zone at Flaxton Field
possess radial fibrous and/or micrltlc coatings

The radial fibrous

laminae probably grew through the accretion or lnorganlcally preclptated carbonate
and Purser

1973)

suggested radial

ln a slightly agitated sublittoral setting

Halley

1977

and Land and others

Lareau

1979) have

1brous coatings on colds and pisoids to be indicative

of subaqueous growth under conditions of relative low turbulence
The mlcritic coatings were formed through the process of mlcrltlzatlon
where emptied bores of fungi or algae are filled vlth mlcr1tlc carbonate

Some writers have suggested mlcritlzatlon to be lndlcative of

subaerial diagenesis (Kahle, 1977 Harrison and Steinen

1978; and

Obelenus, 1985); however, the lack or numerous subaerlally formed
sedimentary features in the Bluell zone suggests a subllttoral origin
for the micrltic coatings of oolds and pisoids in the Bluell zone at
Flaxton Fleld
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More evidence supporting a sublittoral origin for the ooids and
pisolds in llthofacies A includes:

1

many or the coated grains are

round (near symmetrical), as opposed to the polygonal fitting or downward
elongation commonly associated vith vadose-formed ooids and pisolds;
2} most or the coated grains appear to have undergone some mode of
transportation, indicated by broken fragments of coated grains acting
as nuclei for larger coated grains; and 3) coated grains are associated
vith subrounded lntraclasts and spherical pelolds
Elliot

1982)

Mescher and Pol

1984), and Obelenus

1985) have

interpreted Frobisher-Alida coated grains (similar to those found 1n
the Bluell zone at Flaxton Field) to be or subaqueous origin; however,
in contrasting studies by Gerhard and others

1978) and Gerhard

1985)

Frobisher-Alida coated grains have been proposed to be similar to grains
described by Dunham 1969) vlthtn the Yates Formation (Permian) or the
capltan reef complex, in which the coated grains formed as a result
of vadose dtagenesls

Since the majority of ooids and pisoids in the

Bluell zone at Flaxton Field show no similarities to those described
by Dunham

1969) or to criteria set forth by Estaban

1976} and Gerhard

1985) for vadose pisoids. the present report suggests a subaqueous
origin for the ooid and pisoids ln the Bluell zone at Flaxton Field
Several studies have linked the occurrence of radial fibrous
coatings on ooids and pisoids to hypersaline conditions (Lareau and
Purser, 1973 Friedman and others, 1973; Halley, 1977; Gerhard. 1985;
and Obelenus, 1985)

The work of Kahle

1974) dismisses the necessity

of hypersalinlty for the precipitation of fibrous cement
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One line or evidence that might support hypersalinlty in the areas
where lithofacies A was deposited ls the lack of significant numbers
or fossils (Heckel, 1972; Elliot

1982)

but ln the case of this litho-

facies, it is suggested that the deterent to organisms was probably
the shlftlng substrate in this slightly agitated environment

If

hypersalinlty was a controlling factor for the precipltatlon or fibrous
cement, then the lack of radial fibrous coatings on all grains within
lithofacies A needs to be explained

Therefore, because of the lack

of direct evidence supporting hypersallnlty, salinity levels probably
ranged in the transitional restricted marine levels (45-50 ppt)

with

periodic increases into the hypersaline range (greater than 50 ppt)
This does not, however, imply that a hypersallne environment existed
continuously nor vas hypersallnity responsible for the occurrence of
the radial fibrous coatings on ooids and pisoids
The numerous, irregular- and planar-shaped fenestrae within llthofacies A are interpreted to be of two origins

The majority of fenestrae

probably formed in a sublittoral setting; however, infrequent evidence
or perlodlc subaerial exposure may imply that some of the fenestrae
could have formed as a result or shrinkage

Evidence supporting a sub-

aqueous origin for most of the fenestrae in llthofacies A includes
1) Voids show no microscopic evidence of leaching or dissolution
carbonate.

or

2) The lack of numerous sedimentary features in the sur-

rounding rocks, indicative of a supralittoral setting
of submarine hardgrounds

3} The presence

4) The common occurrence of subaqueous,

aclcular cements (lsopachous and bladed) completely and partially
filling voids as opposed to the occurrence of vadose, meniscus cements
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5) Although not dlrectly diagnostic or subllttoral deposition, fenestrae
have recently been found in the modern environment to be forming subaqueously in gralnstones (Shinn, 1983)
The hardgrounds that occur within llthofacies A probably developed
in a sublittoral environment, based on the occurrence of cemented
surfaces possessing an erosional surface which truncates underlying
grains and microscopically display a layer of vertically ortentated
sparry needles along erosional surfaces (Fig 53)

Fibrous cements

have been described in submarine crusts in the Bahamas (Dravis, 1979)
and the Persian Gulf (Shlnn, 1969).

Crusts whlch possess fibrous layers

are suggested to represent subaqueous preclpltatlon of aragonlte or
high magnesium calcite from supersaturated sea water overlying the
sediment-water interface (Shinn. 1969 and Oravis, 1979)
Subaerial exposure of the topographic highs probably occurred
during slight drops in sea level, but as previously mentioned, exposure
was only for short periods of time

Evidence supporting occasional

periods of exposure ls the presence of pendant cement (Fig. 54)
Pendant cement has been suggested by several writers (Muller, 1971;
Moore 1979; and Longman, 1982) to represent vadose conditions

Most

of the hardgrounds found in thls llthofacies formed subaqueously;
however, a few hardgrounds lack the fibrous habit directly indicating
a subaqueous origin and may possibly represent subaerlal exposure
Based on the above evidence

llthofacies A was deposited an and

surrounding broad, gently sloping, topographic highs, in a shallow,
slightly agitated, sublittoral environment
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L\thofacles B
Llthofacles B, composed dominantly or skeletal, peloidal, and
lntraclastlc wackestones. ls interpreted to have been deposited in a
low energy, restrlcted-clrculatlon, shallow, subllttoral environment
Evidence supporting this interpretation is the abundance of green algae,
vhlch Wray

1979) considers to be good indicators or depositional

conditions
As mentioned in the descriptive section of this llthofacies,
calcispheres are often affiliated with the green algae, Dasycladacea
The origin of calcispheres has been a topic of debate for some time
Stanton

1963) was one of the first to suggest that calcispheres repre-

sent some form or plant spore or reproductive body
Rupp 1967) and Marszalek
Acetabularia to

be

Later studies by

1975) found the living Dasycladacean Family

producing reproductory cysts that vere very similar

to calcispheres described in the rock record.

Therefore. calcispheres

are generally accepted today to have a green algae (Dasycladacean)
origin
According to Wray 1979). most living Dasycladacean algae prefer
to inhabit tropical to subtropical marine environments, in which water
depths are less than five (5) metres

However. the genus Acetabularieae

has been known to tolerate elevated salinities

Therefore, based on

the narrow fossil assemblage of green algae, gastropods, and ostracods.
along with the ability or these organisms to tolerate high salinities,
and the interpretation that calclspheres are indicative or restricted
environments (Mamet, 1976; Wray, 1979), it ls probable that salinities
ranged between 45-50 ppt and periodically may have become hypersallne.
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Figure 53

Photomicrograph of one of the many hardgrounds seen throughout the study area. This particular surface has truncated
a pisolite. The fibrous cement on top of the surface implies
subaqueous precipitation. Bar scale is 0.5 millimetre.
Lottie No. 2 at 5837 ft (1779 m).

Figure 54

Photomicrograph of the rare occurrence of pendant cement
in lithofacies A, suggesting that the topographic highs
on which lithofacies A developed were periodically exposed
and subjected to vadose diagenesis. Bar scale is 1 millimetres. Harms No. 21-9 at 5996 ft (1828 m).

Figure 55

Photomicrograph of an overpacked skeletal packstone of
lithofacies D, showing the in-situ breaking of an ostracod
(arrow) and the horizontal alignment of skeletal grains ·
as a result of mechanical compaction. Bar scale is 1
millimetres. Kinson-Alvina No. 1 at 5881.3 ft (1793 m).
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Wray

197

1979) has found that most dasycladaceans inhabit low

energy environments such as those found below vave base or in protected
areas such as lagoons

Wray

1979, p.

106 further proposes that

dasycladaceans are "typical algal flora in marine lagoons"
the work of Mamet

1976) interprets the occurrence of green algae

in particular Dasycladaceans
ments

In addition
and

to be indicative of lagoonal-type environ-

However, since the definition of a lagoon suggests that a

physical barrier is necessary for its development, the apparent
or a physical barrier dismisses a truely lagoonal setting for the
formation of lithofacies B

Instead

it is suggested that while there

was no physical barrier, water conditions were quite similar to those
found in modern lagoons

In this case, the only energy available

except for periodic high energy periods or storms, was by daily winds
which created a wave base that probably never exceeded 0.5 metres
Local restriction or poor water circulation was mainly a result or
the broad distance across the 6-7 mile

10-12 km) wide study area

in combination with shallow water and lov energy levels

Together ,

these aspects or the environment produced sediment and biota similar
to those formed in modern and ancient lagoons
The occurrence of gastropods and some ostracods can be attributed
to the presence or the green algae

Green algae probably provided

an excellent food supply for grazing gastropods and ostracods
as menttoned above, both gastropods and ostracods are known to tolerate
the elevated salinities which are suggested to have been present
during deposition or llthoracies B
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Benthic forams and echinoderms occur randomly throughout lithofacies Band are interpreted to be indicative of areas of slight topographic elevations where there was higher agitation and better
clreulation.
The non-skeletal grains such as peloids, intraclasts, and grapestones are indicative of subllttoral deposition because of their roundness. sphericity, internal sediment, and association with subaqueously
formed ooids

Many of the peloids that occur may be fecal in or1gln,

from the abundant fauna within this lithofacies (averaging between 2035 percent

However, it is quite difflcult to identify fecal pellets

unless they can be directly associated vlth burrowing structures
spherlclty

or

The

the intraclasts implies that they have been transported

for some distance, probably during periodic high energy periods or
storms

Grapestones, which are grains of lithified carbonate mud, skel-

etal fragments, and ooids, are also interpreted to have been rippedup during high energy periods
The above evidence therefore suggests that Lithofacles B was
deposited in a low energy, shallow, restricted, subllttoral environment

11thorac1es c
Llthofacies

c.

composed of renestral, green algal mudstones and

wackestones, was deposited in the same low energy , shallow, restricted,
subllttoral environment or llthofacles B.

Thls lnterpretatlon ls

based upon the occurrence of the same biota found in llthofacles B
The dlstlnctlon between the two llthofacles is that llthofacles C is
dominantly composed of mudstones with an increase ln the number or
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renestrae and a decrease in the numbers of skeletal and non-skeletal
grains
As

in lithofacies B lithofacies C is dominated by Dasycladacean

green algae

However a sharp decrease in the number

or

gastropods

probably indicates that restriction and salinity levels were slightly
greater than in lithofacies B

Slightly lover energy levels are sup-

ported by an increase in carbonate mud and a decrease in non-skeletal
grains

The reduced energy levels also were the controlling factor

that furthered restriction and increased salinities
Much of lithofacies Chas been bioturbated, supporting the interpretation that

ithofacies C was deposited in a sublittoral environment

Evidence of bioturbation includes the lack of sedimentary fabric in
homogeneous sediments and trace fossils of burrows

In the modern

environment. most burrowing organisms inhabit soft, uncemented sediments
in shallow sublittoral environments {Heckel, 1972, and Frey and Pemberton,

1984)

The numerous fenestrae which occur in lithofacies Care interpreted
to have formed in the sublittoral zone because of the association

or

the fenestrae vlth the subllttoral biota and the absence of littoral
and supralittoral sedimentary structures

It is possible that some

of the fenestrae which occur in lithofacies C may have formed as a result
of internal shrinkage

but because or the lack or supporting evidence,

most of the fenestrae in llthofacies C, and in similar rocks throughout
the study area, are interpreted to have formed as a result of entrapped biogenic gas in mud-supported sediments that vere deposited ln
the sublittoral environment
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The above evidence supports the interpretation that 11thoracies

c was deposited in

a low energy, shallow, restricted. sublittoral

environment

L1thofacies P
Llthofacles D, composed of skeletal and slightly intraclastlc
wackestones and overpacked packstones, was deposited in shallow, low
energy, near normal marine waters that were within a linear (southwest
to northeast trending) topographic low

This low, vith a gently sloping

bottom, resulted in slightly greater water depths and lower salinities
in contrast to those previously discussed in lithofacles A, B. or C
An environment that contained near normal marine conditions with slightly
deeper waters ls directly supported by the occurrence of echinoderms.
bryozoans, and brachiopods, and indirectly supported by cross sections
and lsopach and structure maps
Llthofacies D. for the most part, was deposited ln a low energy
environment (probably below wave base) based on the presence of echinoderms, bryozoans, and angular to subrounded lntraclasts

Heckel (1972)

suggests that the presence of suspension feeders such as bryozoans and
echinoderms is indicative of low energy or low turbidity.

An excess

of suspended clay and silt ln the water "vlll clog and ultimately choke
their delicate feeding apparatuses" (Heckel

1972. p . 250)

The angular

to subrounded intraclasts probably originated as llthlfled carbonate
mud that was ripped up when the ·bottom came within wave base during
periodic h1gh energy events, such as storms

Although energy levels

were surrtcient to rip up the llthirled mud, the angularity of the clasts
indicates subsequent reduced energies.

All llnes or evidence support
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a low energy environment with high energy events but, with the abundant
occurrence of packstones within lithofacies 0, one might suggest higher
energies were common

However, microscopic examination of the packstones

shows that much of the packing is a result or mechanical compaction
and, therefore, not representative or depositional energy levels
The quartz grains within lithofacies Dare interpreted to be eolian
in origin with their probable source being the canadian Shield (Shanley
1983 p 84)

Hardie and Shinn

1985) have described dust storms in

the Persian Gulf which transport large volumes or silt sized dolomite
clays, and quartz for several hundred kilometres

The amount of sus-

pended material is so great that vislblity is reduced to a few hundred
metres

This further supports the argument that the elastic fraction

of lithofacies D could have derived from the exposed canadian Shield
The faunal assemblage or brachiopods bryozoans, and echinoderms
indicates that salinity levels during llthofacies D deposition were
not as great as those previously discussed in lithofacies A, B and
C

According to Heckel

1972), an assemblage consisting or fauna such

as echinoderms, bryozoans. brachiopods, ostracods, and forams is indicative or normal marine salinities

In addition, previous studies or

the Mission canyon in the Williston Basin (Lindsay and Roth

1982;

Lindsay and Kendall, 1985 and Beach and Schumacher, 1982) have also
interpreted similar fossil assemblages to be indicative of near normal
marine settings.

However, the recent vork or Fischer and others (1987

suggests that because numbers or individuals and numbers of taxa vere
low throughout the Mission canyon, salinities were elevated above that
or normal modern marine levels throughout Mtsston Canyon time in the
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northeastern portlon

or

the Williston Basin

part vlth Fischer and others (1987

This writer agrees in

that average salinity levels during

Mission canyon time were probably greater than modern normal marine
levels, but that does not alter the importance of faunal assemblages
which are correlated to present day normal marine standards

Therefore

although echinoderms, bryozoans, and brachiopods in the upper Mission
canyon probably do not indicate modern normal marine salinities (35
ppt}, their presence ln llthofacies D signifies that salinity levels
vere contrastingly lover than those levels discussed ln llthofacies

A, B, or C
Different approaches may be taken in determining depositional topography for lithofacies D and the Mission canyon Formation in the Williston Basin

However, the faunal assemblage or echinoderms, brachiopods,

and bryozoans along vlth the absence
sedimentary structures

or

typically shallow-water fauna ,

cross sections, and isopach and structure maps

all imply that lithofacies D was deposited in a low that contained
slightly deeper water than previously discussed ln llthofacies A, B,
The increase in the depth of the water column was simply caused
by the gently sloping bottom of a linear topographic lov

Thls southwest

to northeast trending low can be seen on maps extending baslnvard for
several tens of kilometers

This lov probably provided a pathway

alloved movement and mixing of less saline and more oxygenated
basin vaters vith the shallow, more saline waters overlying most of
the study area

The mixing of waters created water condltlons in

the area of llthofacles D that vere able to support a less salinity
tolerant biota
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Evidence supporting the interpretation that lithofacies D vas
deposited ln less restricted waters, within a linear low includes
1)

The dlrectly overlying unit

11 thofacles G) ls interpreted

to have been suba.queously precipitated; therefore, the presence of
topography would be reflected by a thickening or thinning or this
unit

Plates 7 and 9 show that ln the Kinson-Alvina No

1 well, litho-

facies G "State A" marker bed) doubles in thickness and, hence, implies
that a low was present during the preclpltatlon or llthofacles G and
probably was present during the deposition of llthofacies D
2} ihe local increase in thickness of the Rival and Mldale subintervals and the Ratcliffe interval in the Kinson-Alvina No

1 (Plates

and 9) is also in response to a topographic lov, along with the
mechanical compaction of llthofacles D (Fl1 55)
3) Although structure maps are based upon present-day data , a
remarkable correlation exists between areas which are mapped ln Plates
3 5, and 6 and a map or the Ratcliffe interval and the Mississippian
"F" salt as mapped by Anderson and others 1960)
1

Structure maps (Plates

3, 5, and 6) show that where llthofacles D ls developed (section

~. T 163 H., R. 91 W.), the area ls in a structural low that plunges
to the southwest

Anderson's map of the Ratcl1ffe interval also shows

this area to be structurally lov, but more importantly, shows that the
presence and thickness or the ..F.. salt reflects depositional topography
during Ratcliffe time

It ls easily noticed on the map of Anderson

and others that an embayment of the .. F" salt pinches out ln the mapped
structural low (Plates 1 3, 5, and 6) just southwest of the KlnsonAlvlna well. and therefore suggests that a low was present and that
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some structures seen on structure maps

or

the Flaxton area reflect

topography at the time of deposition
4) Regional studies or the Mission canyon Fonnatlon witMn the
Williston Basin have interpreted faunal assemblages consisting of
echinoderms, brachiopod.s, and bryozoans to be indicative of near-normal
marine deposition, in slightly deeper waters, low in turbidity (Lindsay
and Roth, 1982; Beach and Schumacher, 1982; Lindsay and Kendall, 1985
Obelenus, 1985; Stephens, 1986; and Hendricks, 1987, personal comm.
5)

Beach and Schumacher

1982),

in a study or the Bluell and

Shervood zones at Stanley Field, demonstrated that because or the
lack of early cementation, only sediments deposited in slightly deeper
marine waters (areas or low topographic relief) were susceptible to
compaction

Because llthofacies D shows similar characteristics to

the "marine sediments" described by Beach and Schumacher

1982), in

that it contains many of the same biota and has also been mechanically
compacted, it ls inferred that llthofacies D was deposited in a area
that was topographically low
6) Arguments opposing the idea that llthofacles D was deposited
on a topographic lov include the lack of pendant cement and the lack
of fenestrae

If this area was topographically higher than the sur-

rounding area, it would have also been subaerlallY exposed, as were
the surrounding areas, during drops 1n sea level, and 11thofacies D
would contain well-developed features. such as pendant cement and renestrae, suggesting exposure.
Therefore, based on the above evidence, llthofacies D represents
deposition that took place in shallow, low energy, and near normal marine
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waters that were contained in a linear lov.

However, water depths were

slightly greater than ln the previously interpreted llthofacles

Lithoractes E
Llthofacies E. composed of creamy gray to gray, patterned dolomitic
mudstones, ls interpreted to have been deposited in a suprallttoral
flat which was periodically flooded by water and also subjected to evaporltlc conditions

Evidence supporting this interpretation includes

1) the occurrence or anhydrite- and celestlte-replaced gypsum pseudomorphs and anhydrite nodules, both of which are indicative of supralittoral and evaporitic conditions (Kendall

1984); 2) the occurrence

of very finely crystalline dolomite crystals within the matrix (Folk
and Land, 1975; Moore, i979; and Elliot, 1982); and 3} the mutually
exclusive occurrence or patterned dolomite and fossils (Elliot, 1982)
In modern environments, most supralittoral environments exhibit
primary structures such as mudcracks

However, in the case of lltho-

facies E. primary sedimentary structures are absent

Their absence

ls possibly a result of a very shallow water table which kept the supralittoral sediments saturated enough to prevent the formation or desiccation features
The quartz and detrital dolomite grains, which make up the majority
of allochems within lithoracies E are both interpreted to be
origin.

or

eolian

The probable source for the quartz as discussed in lithofacies

D. was the Canadian Shield, whereas the grains of dolomite probably
originated locally from the suprallttoral environment
As

mentioned in the descriptive section, llthofacles Els a later-

ally continuous zone which 11aintains a consistent thickness between
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1 (0.31 m) and 2 ft (0.62 m} thick across most or the study area,
gestlng that deposltlon of lithofacies E occurred on a broad, nearly
flat surface.
1/4 sec

An

exception occurs in the Alfred No

12. T 163 N

R 91 W

, SE 1/4 SE

1n vhlch 11thofac1es E increases

in thickness to approximately 8 ft (2.44 m) and ls characterized by
low angle cross laminae at its base, by numerous, dark brovn, angular
intraclasts which flne upwards, and
nodules
lo

by

random occurrences of anhydrite

In addition, well logs of boreholes adjacent to the Alfred

1 (Gwendolyn No 2, NW 1/4 N\l 1/4 sec

the Jensen No

3, NW 1/4 NW 1/4 sec

18. T

18 T

163 N., R 90 W

163 B.. R. 90 V

also

indicate a similar thickening of lithofacies E.
Based upon the occurrence of the angular intraclasts and the
low-angle cross laminae, the depositional setting for lithofacies E
ln the area that includes the Alfred No
the Jensen No

1, the Gwendolyn Mo

2, and

3 may represent either a storm-surge channel or a supra-

11 ttoral pond that developed on the supral1 ttoral flat

However

limited areal development (indicated by the presence of anomalous
thlckenlng of llthofacles E ln only the above mentioned wells), probably
implies that the depositional setting was a suprallttoral pond that
was present throughout most or llthoracles E deposition
During the early history of lithofacles E, it appears that a
depression began to develop, possibly through erosion or the differential compaction or underlying sediments, which ln turn caused a
pond to occur when waters were washed onto the suprallttoral flat
As

quartz and dolomite grains were transported across the supralittoral

flat, low-angle cross laminae developed as a result of quartz and
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dolomlte grains being deposited in shallow, probably ponded water
Fryberger and others

1983) have described similar cross laminae in

areas between dunes which contain standing water in the Dhahran Area
of Saudi Arabia
The numerous, dark brown, angular intraclasts that overlie the
low-angle cross laminae in rocks from the pond environment are interpreted to represent storm deposits trapped by the ponded water

Waning

current energy following storms caused these clasts to fine upwards
The random presence of anhydrite nodules indicates that the water in
the pond may have eventually evaporated~ however subsequent high energy
periods appear to have washed enough sea water onto the flat to cause
the pond to be refilled
The upper development of lithofacies Eis also interpreted to
have formed in a supralittoral setting, based upon similiar occurrences of finely crystalline dolomite and patterned textures

The

small percentage of ostracods and fossil debris (6-7 percent may
indicate that salinities were elevated

The skeletal grains probably

were transported onto the flat during slight energy increases or storms
Patterned carbonates and dolomites, similar to those described
in llthofacles E, have previously been described in Williston Basin
field studies of the upper Frobisher-Alida interval
Crabtree

1982), and Shanley

1983}

by

Elliot (1982)

Elliot (1982), in a study of Haas

Fleld round patterned dolomites to be representative of hypersaline
conditions and, although he is uncertain whether they form ln subllttoral
or sabkha environments, he believes the patterned dolomites formed ln
a "depositional environment that was areally restricted as, for example
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by ponding behind a barrier..

Shanley

1983) contends that patterned

carbonates are mainly a result or diagenetic processes, and therefore
not necessarily lndlcatlve of specific depositional environments
However, the depasltlonal interpretation or
vlth the vork of Crabtree

1982

thofacies Eis in agreement

In a study of Innes Field Crabtree

(1982) interprets patterned carbonates to be representlve or overwash
deposits on a suprallttoral flat
Lithofacies E the patterned dolomitic mudstone llthofacies therefore can be characterized as a supraUttoral flat that was periodically
flooded and subjected to evaporltic conditions, and ln which a suprallttoral pond developed along the eastern margin of Flaxton Field

L1thofac1es

F

Lithofacies F. composed or light grayish brown to light brown,
lntraclastlc wackestones and packstones, mostly represents a shallow
low energy, subllttoral environment; however near the top of llthofacies
F. rocks indicative of

lttoral and supralittoral deposition are inter-

bedded vlth the subllttoral rocks, possibly suggesting that a lovering
or sea level occurred near the end of its deposition
Llnes of evidence that have been used previously ln thls study
to support interpretations of shallow, low energy, subllttoral environments are agaln applied to support a similar interpretation for most
of Uthofacles F.

These lines of evidence include ·,

or Dasycladaceans (Wray

the presence

1979) together vlth the presence or ostracods

gastropods, and a few brachiopod.s; and 2) the presence of round, radial
fibrous, superflcal colds and plsoids {Lareau and Purser, 1973; Land
and others, 1979; and Halley, 1977)

~

According to Wray

1971; 1979), Dasyclad.aceans inhabit shallow

(less than 5 m). low energy, subl1ttoral environments
the suggestion by Lareau and Purser
and Halley

1973)

Combined vlth

Land and others

1979),

1977) that the radial fabric of colds and pisoids indicates

growth in a relatively low energy, subllttoral setting, the rocks
within llthofacies F that contain Dasycladaceans and radial fibrous
colds and plsoids probably were deposited in a shallow, low energy,
sublittoral setting
A noticable decrease in the number or biota, in comparison to
the previously described sublittoral 11thofacles, together with the
presence of numerous interbeds of supralittoral deposits, suggests
that salinity levels had increased

It ls probable that an increase

in salinities was due to an increase in evaporation rates and a gradual
lowering of sea level

As

sea level was lowered, the local strand line

began to migrate to the vest (baslnward). as evidenced by the development
or mats of blue-green algae referred to as cryptalgalamlnae along the
eastern margin of the study area and thin interbeds of dolomudstones
near the contact vlth llthofacies G

In the modern environment,

mats are usually lncllcative or sedimentation in the upper littoral to
lover suprallttoral zones (Logan and others. 1964; Aitken, 1967:
Shinn, 1968; 1983)

The thin dolomudstones at the top of lithofacies

Fare very similar in appearance to the dolomudstones ln the overlying
lithofacies

It ls likely that as sea level was gradually being lowered,

conditions were periodically created which caused the precipitation
or dolomite

These conditions will be discussed ln detail in the
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follo ing interpre tat ion of lithofa cies G and in the di agenetic section
under dolomitization.
Although the ma jor i t y of fenestrae observed in l ithofa ci es A,
B, and Care believed to have formed in a sub littora l setting, the
occurrence of i rregularly shaped fenestrae

ith cryptalga l ami nae and

thin interbeds of dolomudstone suggests that the fenestrae in the upper
third of lithofacies F represent short per i ods of exposure which in
turn caused the development of shrinkage voids.
Lithofacies F, therefore, represents deposition that took p lace
in a l ow energy, sublittoral environment that
drops in local

as subjected to periodic

ater levels causing the deposition of littoral and

supralittoral sediments near its upper contact

ith lithofacies G.

Li thofac i es G

Most of lithofacies G, composed of yellow brown to brown dolomudstones, is interpreted to have formed through the subaqueous precipitation of primary dolomite.

However, the progradation of li thofacies

G, together with the lo ering of sea level, caused this lithofac ies
to be exposed and to develop into a coastal sabkha environment .

Litho-

facies G is commonly referred to as the "State A" marker bed and is
the same dolomudstone unit as that described and discussed by Obelenus
(1985).

As mentioned above, the majority of dolomite within this lithofacies
is interpreted to have formed through subaqueous precipitation, but
its origin is addressed in more detail, along with the other occurring types of dolomite, in the diagenetic portion of this study.
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Most of the dolomite in lithofacies G was probably precipitated
in very shallow (less than 0.5 m) and hypersaline waters, based on the
absence of organisms except blue-green algae.

According to Heckel

(1972) and Elliot (1982), an absence of fauna is usually indicative
of hypersaline conditions.

Friedman (1980) also suggests that the

presence of cryptalgalaminae, along with the absence of organisms, also
implies hypersalinity.
Shallow water depths and the precipitation of subaqueous dolomites
occurred until the progradation of lithofacies G, and combined with
a slight drop in sea level, caused exposure of the subaqueously formed
dolomites and the development of a coastal sabkha environment that was
often flooded either during storms or by slight rises in sea level.
Evidence supporting a coastal sabkha environment is the occurrence of
numerous anhydrite nodules (Kendall, 1984) and mudcracks located within
the top 1-2 ft (0.31-0.62m) of lithofacies G.

The anhydrite nodules

found in lithofacies G probably were formed in a similar fashion to
that described by Kendall (1984).

He suggests that in coastal sabkha

environments such as the sabkha of Abu Dhabi, the precipitation of
gypsum during exposure occurs just below the sediment surface, instead
of on the exposed surface, and is precipitated as "crystal mushes" or
"clusters of crystals", which in turn, are altered or replaced by
anhydrite.
The amount of silt-sized quartz grains is noticeably greater in
this lithofacies than in any of the previously discussed lithofacies.
But, as interpreted in the previous lithofacies, the quartz grains in

-

-------

94

lithofacies G probably are eolian in origin, with their source being
the Canadian Shield .
Lithofacies G, therefore, represents the precipitation and deposition of primary dolomite in very shallow and hypersaline waters.
The subsequent progradation of lithofacies G, together with a slight
lowering of sea level , resulted in the development of a coastal sabkha
environment.

DEPOSITIONAL HISTORY
Deposition of the upper Mission Canyon and the Bluell zone was
in an epeiric sea which covered the Williston Basin approximately 340
million years ago (late Osagean age} (Sando, 1978).

The depositional

history of the Bluell zone at Flaxton Field can be subdivided into four
time periods (T1-T4}.

In order to illustrate the lateral and vertical

relations between the identified lithofacies during each time period,
five schematic, three-dimensional diagrams (Figs . 56, 57, 58, 59, and
60) and two schematic cross sections (Figs. 61 and 62}have been constructed of the study area.
During "early-middle Bluell time" (T1), deposition across the entire
study area took place in a shallow, low energy, sublittoral environment,
in which lithofacies A, B, C, and D were deposited as laterally adjacent
facies (Fig . 56).

Along the southwestern, southern, and eastern margins

of what is now defined as Flaxton Field, lithofacies A (the oolitic,
pisolitic, and intraclastic packstone and grainstone lithofacies} was
being deposited as packstones and grainstones, on and around gently
sloping topographic highs.

In the central portion of the study area

(where producing wells of Flaxton Field are located}, lithofacies B
and C, consisting of skeletal and green algal wackestones and mudstones,
were being deposited.

Along the northwest margin of the study area,

as illustrated in Figure 56, lithofacies D (the skeletal, slightly
intraclastic wackestone and overpacked packstone lithofacies} was being
deposited on the westward sloping bottom of a southwest to northeast
trending, linear low.

This linear was present, and deposition of

lithofacies D continued throughout time periods TZ and T3.
95
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Figure 56.

Block diagram illustrating the depositional environments
which were present during early-middle Bluell time (T1).
During T1, lithofacies A, B, C, and D were contemporaneously
deposited. (SAM= Sherwood Argillaceous Marker).
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"Middle Bluell time'' (T2) is represented by the localized deposition of lithofacies E, the patterned dolmitic mudstone.

Deposition

of lithofacies E occurred across most of the study area except along
the western margin, where lithofacies A and D were still being deposited
(Fig. 57).

The deposition of lithofacies E records an important deposit-

ional event, the development and westward progradation of a supralittoral
flat (lithofacies E) over the sublittoral sediments of lithofacies
A, B, and C.

The development and progradation of a supralittoral

environment could have been caused either by the local lowering of
sea level for a short period of time or through local mechanisms such
as a decrease in the local subsidence rates or differential compaction
of underlying sediments .

However, since lithofacies E (or the dolomite

stringer as referred to in Plates 7, 8, 9, and 10) is laterally continuous to the east and into Renville County (Hendricks, 1987, personal
comm.), it is surmized that a slight drop (locally) in sea level was
the major factor causing lithofacies E to develop.

It is impossible

to say whether a lowering in sea level or subsidence rates or differential compaction rates was slow or fast, because pressure solution
and the development of microstylolite swarms bounding lithofacies E
has since destroyed any evidence that might lend a suggestion.

During

the early deposition of lithofacies E, a slight depression or topographic
low developed along the eastern margin of the study area that eventually
caused the ponding of water when washed onto the supralittoral flat.
The pond trapped sediments, such as dark brown, angular intraclasts,
that were washed across the supralittoral flat during storms .
At the beginning of "middle-late Bluell time" (T3}, the
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Figure 57.

Block diagram illustrating the depositional environments
which existed during middle Bluell time (T2). During
this time, a supralittoral environment (lithofacies E),
which contained a supralittoral pond, prograded almost
across the entire study area. However, progradation stopped
along the west margin of the study area, allowing the
continued deposition of lithofacies A and D. (SAM= Sherwood
Argillaceous Marker).
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supralittoral environment that covered most uf the study area, and
in which lithofacies E was deposited, was submerged as a result of a
rise in sea level.

During T3, deposition of lithofacies A and D con-

tinued, but the ri~e in sea level resulted in the deposition of the
intraclastic and peloidal wackestones and packstones of lithofacies
F across the majority of the study area (Fig. 58) .

Regardless of

the mecharyisms that caused the development of lithofacies E during
T2 or its submergence at the beginning of T3, the continued deposition
of lithofacies A And D duting T2 and T3 occurred because the amount
of subsidence along the western margin of the study area, together
with the compaction of lithofacies D (prior to T2), was equal to or
greater than the slight drop in local sea level that occurred at the
beginning of T2.

Near the end of T3, a lowering sea level is evidenced

by the presence of the thin dolomudstone interbeds and algal mats
(Fig. 58) along the eastern margin of the study area.
During ''late Bluell time'' (T4a) lithofacies G was deposited (Fig.
59).

Characterized by the subaqueous precipitation of primary dolomite,

the growth of blue-green algae, and the deposition of eolian quartz,
it is suggested that precipitation and deposition took place in very
shallow water depths (0.5 m).

Because of its precipitous nature, the

anomalous thickening of lithofacies G along the northwestern margin
of the study area probably indicates that a depositional low was present
during T4 and indirectly supports the interpretation that a topographic
low was present during T3, T2 and T1.

Precipitation of littofacies

G continued throughout T4 until it's progradation, combined with a
gradual drop in sea level, caused exposure and the development of a
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Figure 58.

Block diagram illustrating the depositional environments
which existed during middle-late Bluell time (T3). At
the beginning of T3, a rise in sea level resulted in the
drowning of lithofacies E and the subtidal deposition of
lithofacies F. However, near the end of T3 time, the
development of cryptalgalaminae along the northeastern
margin indicates that the local strand line had began to
migrate to the west, probably during a basin-wide lowering
of sea level. (SAM= Sherwood Argillaceous Marker)
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Figure 59 .

Block diagram illustrating the depositional setting during
late Bluell time (T4a}, where the subaqueous precipitation
of dolomite developed lithofacies G ("State A" marker bed}.
(SAM= Sherwood Argillaceous Marker}.
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Figure 60 .

Block diagram illustrating the depositional environment
during late Bluell time (T4b). The subaqueous precipitation
of dolomite added enough sediment to cause the westward
progradation of lithofacies G. Progradation subsequently
caused the exposure of lithofacies G and the development
of a coastal sabkha environment . {SAM= Sherwood Argillaceous Marker)
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coastal sabkha setting (T4b) (Fig. 60) .

During exposure, clusters of

gypsum crystals precipitated just below the sediment surface , and with
burial were altered or replaced by anhydrite .

The point at which

anhydrite becomes dominant marks the end of Bluel! deposition at Flaxton
Field .
Rocks of the Bluel! zone at Flaxton Field represent a low energy
shallowing-upwards sequence or upwards shoaling cycle .

Studies of

shallowing-upward sequences or upwards shoaling cycles have been done
by writers such as Wilson (1975) and James (1984) .

Although Wilson

(1975, p. 283) cites the deposition of the Lodgepole , Mission Canyon,
and Charles Formation as an example of his "oolitic or grainstone
cycle" , the rocks that make up the Bluel! zone at Flaxton Field probab ly
best fit the upper end of the "lime-mud cycle" discussed by Wilson
(1975 , p. 302).

According to Wilson, some of the special characteristics

that make up lime-mud cycles include : 1) They tend to occur on wide
shelves and across shallow intracratonic basins ; 2) Micritic textures
are common throughout; 3) The earliest beds in the cycles are usually
open marine or partly restricted sediment .

The upper part is always

a tidal flat sequence whose sedimentary structures generally hold
the key to environmental interpretation .

Evaporitic climates commonly

result in a cycle with a capping sabkha anhydrite; 4) Sharp lithologic
contacts occur at the top but there is no evidence of downcutting
channels or much prolonged or intense action of meteoric waters; and
5) dolomitization of such cyclic sequences is very common.
Although not all the characteristics outlined by Wilson (1975)
can be directly correlated to the Bluell rocks at Flaxton Field , several
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are applicable, such as: 1) partly restricted sediments (lithofacies
Band C); 2) mostly micritic textures (lithofacies A, B, C, D, and
F) ; 3) the presence of dolomitic cycles (lithofacies E and G) ;4) the
presence of sedimentary structures which are keys to environmental
interpretation (lithofacies G); and 5) the capping of a cycle with
sabkha anhdrite sequence (Rival subinterval).
The depositional history of the Bluell zone at Flaxton Field can
be subdivided into four depositional time periods (T1-T4): 1) during
T1 , deposition across Flaxton Field consisted of partly restricted ,
sublittoral sediments ; however, as a result of a linear topographic
low intersecting the northwest margin of the study area, non-restricted
communities of biota were able to exist; 2) during T2 , probably as a
result of a locally lowered water level, a supralittoral flat developed
across most of the study area; 3) at the beginning of T3, a slight rise
in the local water level caused the submergence of the entire study
area and a return to sublittoral deposition of partly restricted sediments; and 4) by T4 the gradual lowering of sea level and a change in
the chemistry of the Mission Canyon sea waters resulted in the subaqueous precipitation of primary dolomite and the subsequent development
of a coastal sabkha.

Therefore, deposition of the Bluell zone at

Flaxton Field is suggested to represent the upper portion of a shoaling
upwards, lime-mud sequence.
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Figure 61 .

Schematic drawing of log cr os s section c-c· {Plate 9) .
Cross section c-c·, along ith the schematic dra i ng of
cross section D-D', illust ra t es the lateral dis tr ibution
of each lithofacies {l abel ed A through G) whi ch makes up
the Bluell zone at Fl axton Field .
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Figure 62.

Schematic drawing of log cross section D-D' (Plate 10),
illustrating the lateral distribution of all the lithofacies
(labeled A through G) which make up the Bluell zone at
Flaxton Field.

D
South

Schematic Illustration of Cross Section D - D'
FLAXTON FIELD

I

OLSON NO.I
SESW 26-163-91

Rival

•T

subinterval

T4
T3

T2
1-

w
w

Tl

IL.
0

IO

"

Sherwood

0

::: I MILE

o'

Northeast
JACOBSEN
NO. I
FAITH NO.I
SORUM NO. I
MARVIN NO I
SENE
SESE
ALBERTA NO.I
SENW 13-163-91 SESWl2-163-91 12-163-91 1-163-91 NWSE6- 163-91

zone

•

•

DIAGENETIC DESCRIPTIONS
Introduction
Although the main focus of this study is on the depositional
history of the Bluell zone at Flaxton Field , several diagenetic features
occur throughout the study area which may have played a major role
in the entrapment of hydrocarbons.
Diagenesis is defined to include "all the chemical, physical ,
and biologic changes undergone by sediment after its initial deposition ,
and during and after its lithification, exclusive of surficial alteration
(weathering) and metamorphism" (Bates and Jackson, 1980).

The major

diagenetic processes which have been recognized to have occurred in
the Bluell zone at Flaxton Field include: cementation, pressure solution ,
dolomitization, the creation of porosity, the development of structure,
and the migration of hydrocarbons.

However, due to the economic import-

ance of the develpment of structure and the occurrence of hydrocarbons
at Flaxton Field, their discussion will occur in a separate chapter
following diagenesis.

In addition, several minor diagenetic processes

such as micritization, pyritization, compaction, neomorphism, and
silicification occur in the study area and will be discussed in this
chapter.
Most diagenetic features observed during this study were described in detail during the examination of core and the microscopic examination of numerous thin sections.

In reference to the relative timing

of diagenetic events, the terms eogenetic, mesogenetic and telogenetic
(Choquette and Pray, 1970) will be used herein.
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Following the
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description and interpretation of diagenetic features, Table 1 will
illustrate the relative timing (paragenesis) of each diagenetic feature.
Cementation
In this study, the term "cement" is used to include "all passively
precipitated, space-filling carbonate crystals which grow attached to
a free surface" (Bathurst, 1975).

Identification of cements was done

using criteria set forth by Bathurst (1975, p . 417)
In the rocks of the Bluell zone at Flaxton Field, calcite cement
types include fibrous, bladed, equant, and pendant.

Secondary anhydrite

and celestite are also recognized as cements.
Fibrous cement , characterized by crystals which have dimensions
greater than 6 to 1 (length to width) (Folk, 1965), occurs as the rimming
cement of fenestrae and as isopachous fringes between ooids, pisoids,
and grapestones.

In grainstones, the growth of fibrous crystals has

forced grains apart which were probably in contact with one another
at the time of deposition.
Bladed cement, characterized by dimensions which range between
2 to 1 and 6 to 1 (Folk, 1965), occurs within fenestrae, internally
rimming fibrous cement.
Equant cement, characterized by dimensions that range between 2
to

and 1 to 1, commonly occurs within fenestrae and fractures, and

is occasionally recognized lining a few vugs or cavities.
Pendant cement, or gravity cement (Fig. 54), rarely occurs in
the rocks of the Bluell zone at Flaxton Field.
cement is often associated with hardgrounds.

Where present, pendant
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The majority of secondary anhydrite in the Bluell zone at Flaxton
is located in lithofacies F and occurs as either crystallotopic anhydrite (Maiklem and others, 1969) or clear, pore- and fracture filling
anhydrite.

Both anhydrites are considered to be secondary in origin

because of their common association with thin vertical fractures in
lithofacies F.

Megascopically, the crystallotopic anhydrite is dark

brown in color, blocky in shape, and occurs within fractures (Fig.
63) and/or replaces carbonate.

The blocky calcite crystals microscopic-

ally shows that the crystals are characterized by high order interference colors and, as indicated by inclusions of equant calcite spar,
they replace the spar cement (Fig. 64).

Clear, pore-filling anhydrite

and celestite, a strontium-rich sulfate, is observed to be the final
occluding cement within fibrous or equant cemented fenestrae.
Pressure-Solution
Stylolites are randomly distributed throughout the Bluell zone
at Flaxton Field.

Stylolites in the study area occur as suture seam

(type I stylolites) (Fig. 65) and non-suture seam (type II stylolites)
(Fig. 66) (Wanless, 1979) types.
The type II stylolites are the most common in the study area
and occur in the form of individual microstylolites and in clusters
referred to as microstylolite swarms (Wanless, 1979).

Individual

microstylolites are randomly scattered throughout the study area,
with the microstylolite swarms usually occurring along sharp lithologic
contacts, such as the contacts between the rocks underlying and overlying
the patterned dolomitic mudstone lithofacies (lithofacies E), the
contact between lithofacies F and lithofacies G, and the contacts
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Figure 63.

Core photo of crystallotopic anhydrite along a fracture
(arrow) in a slightly patterned and peloidal wackestone,
just below the contact between lithofacies F and G. The
fracture acted as a conduit for downward migration of
sulfate-rich fluids. Scale is 3 centimetres. Hanson
No. 22-3 at 5939 ft (1810 m).

Figure 64.

Photomicrograph of crystallotopic anhydrite which has
replaced calcite spar, as indicated by the inclusion of
calcite spar (arrow). Bar scale is 1 millimetre. AbelUSA No. 1 at 5859 ft ( 1786 m).

Figure 65.

Core photo of a medium amplitude type I suture seam stylolite
in a well cemented intraclastic grainstone. Scale is 3
centimetres. Jensen No. 1 at 5746 ft (1751 m).

I

2

cen ,me e rs

Figure 63
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between interfingering mudstones and packstones .
Type I stylolites are also common, but less abundant than microstylolites and microstylolite swarms.

The type I stylolites usually

are characterized by medium and high amplitudes; however, occasionally ,
low amplitude stylolites are recognized .

Generally, the larger suture

seam stylolites (medium and high amplitude) occur within well-cemented
grainstones and rocks containing numerous cemented fenestrae.
Dolomitization
The mineral dolomite, as discussed in this study's depositional
chapters, occurs mainly in three lithofacies: 1) lithofacies D, which
is developed along the northwest margin of Flaxton Field; 2) lithofacies
E, which occurs across most of the study area; and 3) lithofacies G,
which is present throughout the study area .

In addition, minor amounts

of baroque or saddle dolomite occur within lithofacies Band C.
Lithofacies D
Lithofacies Dis composed of 15-20 percent dolomite that occurs
as medium-sized crystals (50-70 um across) .

The majority of the dolomite

within lithofacies D replaces matrix (Fig. 67), but occasionally it
replaces grains such as intraclasts and fossils.
Lithofacies E
Lithofacies Eis composed of approximately 20-30 percent dolomite
and detrital dolomite grains.

The dolomite ranges in size from fine

crystals (5-10 um across) to medium crystals (30-50 um across).

Both

fine- and medium-sized dolomite replace matrix, but most of the intraclasts within lithofacies E have been partially or entirely replaced
by the larger, medium-sized dolomite crystals.
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Lithofacies G
Dolomite in lithofacies G makes up approximately 70-80 percent
of the bulk volume.

The dolomite crystals are fine-sized crystals,

less than 10 um across (Fig. 52) .
Saddle Dolomite
Saddle dolomite or baroque dolomite (Fig . 68) rarely occurs in
the study area.

Saddle dolomite is usually observed in the mud-supported

lithofacies such as lithofacies Band C, occluding the micro-vuggy
pores .

The crystals of baroque dolomite range in size between 0 . 5

and 1 mm.
Pore types
The major pore types which have been mentioned during the decription
of lithofacies include : intergranular, microvuggy, fracture, and intercrystalline pores .

These various pore types are briefly described

below in their relative order of abundance.
Intergranular
Intergranular pores are the most common pore type in the study
area; however , they are found exclusively in the grain-supported fabrics
which are usually well cemented and therefore are rarely associated
with high porosity values or hydrocarbons .
Micro-vuggy and Vuggy
Micro-vuggy pores (Fig. 27) which are classified to be small
interconnected vugs less than 0.5 mm in size (Kissling and Ehrets, 1984),
appear to be fabric selective in the mudstones and wackestones of lithofacies Band C.

Micro-vuggy pores constitute the majority of reservoir

rock in the Bluell zone at Flaxton Field.

Vuggy pores are similar to
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Figure 66.

Core photo of a well developed microstylolite swarm (type
II) , located at the base of the photo . The swarm is appro ximately 4 cm thick. Scale is 3 centimetres . Alberta No.
1 at 5683 ft (1732 m) .

Figure 67 .

Photomicrograph illustrating the microcrystalline dolomite
(arrows) in lithofacies D. Bar scale is 0.25 millimetre .
The Kinson-Alvina No . 1 at 5911 ft (1802 m).

Figure 68 .

Photomicrograph of saddle dolomite (arrow) occluding a
micro-vuggy pore. Note the extinction of the crystal,
which is due to its characteristically curved crystal
surface. Bar scale is 1 millimetre . Marvin No . 1 at
5804 ft (1769 m) .
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micro-vuggy pores in that they probably formed by the same process(es ),
but vuggy pores are classified as pores greater than 0.5 mm.

Vuggy

pores rarely occur in the study area and in most instances are noneffective pores.
Fractures
Fractures, horizontal and vertical, are observed throughout the
study area but are slightly more concentrated in the mud-supported
facies (lithofacies Band C).

Many of the fractures are occluded

with calcite and/or anhydrite; however, open fractures are common
between the micritic walls of the occluded fractures and the fracturefilling cement (Figs. 69 and 70).
Intercrystalline
Intercrystalline pores are exclusive to the dolomites of lithofacies
D, E, and G.

The intercrystalline pores in lithofacies E and G possess

the highest porosity values (22-30 percent) of the entire study area,
but in terms of hydrocarbons are non-productive .
Others
The majority of fenestrae are occluded with calcite; however, a
few occur that are only partially occluded with calcite and/or anhydrite.

Intragranular pores are usually recognized within intraclasts

or fossils such as gastropods and coral fragments.

Both fenestral

pores and intragranular pores are distributed sporadically, and thus
are classified as non-effective pores.
Other Diagenetic Processes
Micritization
Several of the ooids and pisoids in the Bluell zone at Flaxton
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Figure 69 .

Photomicrograph of calcite spar filled fracture.
Note
the open fracture which developed subsequent to the first
fracture (arrow} . Bar scale is 1 millimetre . Sorum No .
1 at 5816 ft (1773 m}.

Figure 70 .

Photomicrograph of a micro-fracture (arrow) which has
acted as a conduit for the migration of supersaturated
CaC0 3 fluids. Note that the fracture and the calcite
spar (C) do not crosscut one another. Bar scale is 1 millimetre . Harms No . 21-9 at 5990 ft (1826 m}.

Figure 71 .

Photomicrograph of micritized, radial fibrous ooids. Note
that all of the ooids have an outer micritic coating and
that a few of the grains were broken during transportation
(arrow). Bar scale is 0 . 25 millimetre. Lottie No . 2 at
5837 ft (1779 m} .
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Field display dark brown, micritic laminae .

Some of the coated grains

have only one or two micritic laminae (Fig. 71), whereas others have
several micritic laminae that alternate with radial fibrous coatings.
Complete micritization of coated grains probably has occurred in some
grains, causing them to be misidentified as peloids or well-rounded
intraclasts .
Pyritization
Pyrite is common in lithofacies E and G.

The pyrite whic h occurs

in lithofacies Eis finely disseminated in localized areas , gi v ing
the rocks a mottled texture.

However, the majority of pyrite which

occurs in lithofacies G is concentrated in thin layers , along bedding
planes (Fig . 72) .
Compaction
As discussed in this study's chapter on deposition and dolomitization, the mechanical compaction of sediments is believed to have mainl y
occurred within lithofacies D.

Evidence which suggests mechanical

compaction is the common overpacking of grains and the in-situ breakage of skeletal grains (Fig . 55).
Neomorphism
Neomorphic calcite, in the form of psuedospar (Figs. 15 and 73 )
and microspar, rarely occurs in the Bluell zone at Flaxton Field and
is exclusive to lithofacies Band C.
According to Folk (1965), neomorphism includes "all transformations
between one mineral and itself or a polymorph . . . whether the new crystals are larger or smaller or simply differ in shape from the previous
ones . "

Microspar is classified as replacement calcite in which
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crystals range in size between 4 and 30 um.

Psuedospar is replacement

calcite characterized by crystals greater than 30 um (Folk, 1965).
Although it is often difficult to differentiate between pore-filling
cement and neomorphic spar, the neomorphic spar that occurs in the
Bluel! zone at Flaxton Field is easily identified.

Folk (1965), Bathurst

(1975), and Stauffer (1962) have outlined several criteria suggestive
of aggrading neomorphism.

Some of their criteria which are applicable

to the Bluell zone at Flaxton include: 1) allochem ghosts of green algae;
2) extremely gradual to abrupt contact between fine-grained matrix and
secondary spar; 3) floating allochems such as forams and floating
micrite; 4) intercrystalline boundaries which vary generally from curved
to wavey; 5) low percentage of enfacial angles at triple junctions;
and 6) large crystal size (greater than 50 um}.
Silicification
The silicification of carbonates in the study area (Fig. 74) is
rare, recognized in only two cores along the contact between lithofacies
F and G.

Microscopic examination shows that silica replaces intraclasts

and partially replaces equant spar cement (Fig. 74).
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Figure 72.

Photomicrograph of a pyrite that is interpreted to have
precipitated along an organic layer, such as cryptalgal
laminae, in lithofacies G. Bar scale is 1 millimetre.
Lottie No . 2 at 5808 ft (1770 m).

Figure 73.

Photomicrograph of a recrystallized (neomorphic) green
algal wackestone. Note the floating allochems, floating
micrite (arrow), and the many curved crystal boundaries
of the calcite spar, all of which are characteristics of
neomorphic spar. Bar scale is 0.5 millimetre. Galvin
No. 2 at 5804.6 ft (1769 m).

Figure 74 .

Photomicrograph illustrating the pervasive silicification
of allochems (S) (probably ooids and intraclasts) and
the partial silicification of equant calcite spar (C).
Bar scale is 1 millimetre. Schultz No. 14-4 at 5827.5
ft. ( 1776 m).

Figure 72

DIAGENETIC INTERPRETATIONS
Cementation
In the past, based upon the work of Folk (1974), crystal morphology
of calcium carbonate has generally been thought to be a function of:
1) the effect of Mg·· and other ions (mainly Na·) in precipitating waters
and 2) the rate of crystallization.

However, the recent work of Given

and Wilkinson (1984) contradicts the conventional thinking of Folk (1974 )
by suggesting that the presence of magnesium ions may only have an indirect effect on the crystal morphology of carbonates .

Given and Wilkin-

son ( 1984) instead contend that the main factors which control crystal
morphology are: 1) rates of precipitation and 2) the availability of
carbonate ions at growth sites .

They believe that the presence of CDo

ions at growth sites controls the rate of precipitation in the c-axis
direction .

Therefore, a system which has a high supply rate of C0 3

ions (caused by high rate of fluid flow and the rapid degassing of
CO :) will enhance c-axis growth and produce elongate crystals .

Con-

versely, a low supply of C03 ions to growth sites will inhibit c-axis
growth and thus cause the precipitation of equant crystals.

Both the

philosophies of Folk (1974) and Given and Wilkinson (1984) have merit
and may be applied to the Bluell zone at Flaxton Field.

However,

because the work of Given and Wilkinson (1984) appears to better fit
into the diagenetic scheme of events described herein and because their
work is more recent, this writer believes that the explanation suggested
by Given and Wilkinson best accounts for the various spar morphologies
in the Bluell zone at Flaxton Field, and may also better explain the
occurrence of spar cement throughout the entire Frobisher-Alida interval.
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The fibrous habit recognized in fenestrae and grainstones in the
study area is suggested by this writer to have formed in a shallow
marine phreatic environment, during early eogenetic time.

It is sug-

gested that the rapid degassing of CO 2 ions, combined with a high rate
of fluid flow, resulted in high availability of carbonate ions to growth
sites, which in turn enhanced c-axis growth and caused the growth of
elongate , fibrous crystals .

Most of the fibrous crystals were probably

precipitated as high Mg-calcite.

Loucks and Folk (1976) suggest that

the precipitation of pointed and scalenohedral shaped calcite crystals
probably represent the precipitation of high Mg-calcite .
The precipitation of bladed spar cement towards the center of most
fibrous-rimmed fenestrae also occurred during the eogenetic stage, in
a marine phreatic environment.

The precipitation of bladed spar cement

probably was caused by porosity reduction resulting from the earlier
precipitation of fibrous cement which reduced the rate of fluid flow
and lowered the availability of carbonate ions to growth sites, and
subsequently caused the precipitation of slightly wider and less elongate
crystals.
The majority of equant spar cement in the study area is suggested
to have been precipitated in a deeper phreatic environment, during the
mesogenetic stage.

This deeper phreatic environment probably was char-

acterized by the absence of CO 2 degassing and a slow rate of fluid flow
which resulted in a system having a low availability of carbonate ions
at growth sites, and thus caused the precipitation of equant crystals.
Equant spar cement is also suggested to have been derived through
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pressure-solution, and will be further discussed in the section on
pressure-solution.
The majority of calcite spar precipitated in the study area, therefore, is suggested to have been a continuous event which initially began
in the eogenetic realm with the precipitation of fibrous cement, because
of high fluid flow rates and the degassing of CO2.

With the precipit-

ation of fibrous spar, pore throats became constricted and, along with
the compaction of sediments, caused porosities and permeabilities to
be reduced, which resulted in a decline in the rate of fluid flow,
"boundary shear" (Given and Wilkinson, 1984), and the supply of carbonate
ions.

Consequently, bladed spar was precipitated, followed by the pre-

cipi talion of equant spar when fluid flow rates and "boundary shear"
were further reduced.

The origin for most of these cementing fluids

probably was from marine phreatic waters; however, an unknown amount
of equant cement originated through pressure-solution.
As discussed in the depositional chapter of this study, the presence
of pendant cement may represent vadose conditions in which CaC03 precipitated from saturated meteoric water.

According to Longman (1982, p.

102) , water in the vadose zone is usually meteoric (rain) water.
Because of the rare occurrence of pendant cement and its thin zones
of development, it is suggested that vadose conditions were short lived
and rainfall was not significant.
The presence of secondary anhydrite in lithofacies Fis attributed
to the downward migration of sulfate-rich fluids along vertical fractures
(Fig . 63) from the anhydrite-dominated Rival subinterval during mesogenetic time.

The sulfate-rich fluids not only precipitated and occluded
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the fractures, but the process also replaced spar cement and the micritic
walls of the fractures.

In addition, the release of strontium in litho-

facies G and the subsequent abs6rbtion by these migrating, sulfate-rich
fluids resulted in the sporatic precipitation of celestite in fenestrae.
According to Kendall (1984, p. 271), the dolomitization of aragonite
can cause the release of strontium and the later precipitation of
celestite.
Pressure-Solution
The process of pressure-solution and the development of stylolites
may be the single most important diagenetic feature in the Bluell zone
at Flaxton Field.

It is suggested that the process of pressure-solution

in the study area subsequently caused the redistribution of calcium
carbonate, the thinning of section, and the creation of permeability
barriers.
According to Bathurst (1975; 1985), the process of pressure-solution
is a "threefold process" consisting of dissolution, diffusion, and precipitation.

In a simplistic and brief analogy, pressure-solution is

a result of applied stress which forces two rigid bodies, such as
carbonate grains or crystals, against one another while maintaining
a film of water between them.

This film transmits stress and as this

stress increases, so does the elastic strain in the rigid bodies, causing
an increase in solubility and the eventual dissolution of carbonate.
The dissolved carbonate then diffuses in a direction parallel to the
axis of stress (perpendicular to the stylolitic surface) and subsequently
reprecipitates in available pore space.

During the dissolution of

carbonate, insoluble material, generally clays, accumulates in the water
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film, producing a dark, clay-rich seam.

If diffusion or precipitation

is restricted (most likely by low permeability) and even though stress
is maintained, pressure-solution will be slow or cease (Bathurst,
1975).

The process of pressure-solution usually results in some loss

of stratigraphic section along with the reduction of porosity and
permeability in sediments near the site of dissolution, and the possible
creation of vertical permeability barriers (Bathurst, 1975) .
For the most part, the development of stylolites in the Bluell
rocks at Flaxton Field were in response to applied vertical forces.
However, the rare development of vertical stylolites also indicates
that horizontal compressional forces were present during the diagenetic
history of the study area.
The development of microstylolite swarms (type II) along contacts
of differing lithologies is probably the result of a difference in
lithologic solubilities.

Shinn and Robbin (1983) and Hardie and Shinn

(1985) contend that contacts, such as sharp contacts between beds of
differing texture, solubilities, or organic layers, can be an influence
on stylolitization.

The development of microstylolite, swarms other

than the ones along contacts, is apparently dependant on large amounts
of d i sseminated clays in the sediment or rock.

Bathurst (1985) suggests

that stylolites commonly form in "porous pure limestone" and "grow more
easi l y in limestones with ten or more percent of clay mineral" .

Both

Wanless (1979) and Bathurst (1985) explain that the presence of clay
minerals lowers the stress threshold, and thus allows the start of
pressure-solution.
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Type I stylolites in the study area probably formed in rocks that
were partially cemented or lithified early in the diagenetic realm.
According to Wanless (1979), the degree of cementation can often dictate
the nature and amplitude of stylolites .

For example, uncemented sediment

is likely to develop low amplitude type I stylolites or microstylolites,
whereas partially or completely cemented sediment or rock will produce
type I stylolites of higher amplitudes.
Stylolites in the study area crosscut very few structures, making
the relative timing of pressure-solution difficult to interpret.
However, it is probable that the phenomenon of pressure-solution was
a continuous process which began during late eogenetic-early mesogenetic
diagenesis, when lithostatic pressure created vertical stress fields
high enough to cause the dissolution of carbonate.

Dissolution continued

until the redistribution and precipitation of CaC03 put the Bluell zone
in equilibrium with the lithostatic stress.

Shinn and Robbin (1983)

have demonstrated that pressure-solution can begin in carbonates before
lithification and will provide additional cement for lithification.
The addition of cement, along with the development of stylolitic
seams in the Bluel!, has resulted in thinning of section, loss of
porosity and permeability, and the creation of vertical permeability
barriers.

Several writers (e.g. Dunnington, 1967; Harms and Choquette,

1965; Bathurst, 1975) have demonstrated that in several instances, con-

centrations of stylolites can be correlated to decreases in porosity
and permeability.

In this study, during the examination of cores,

microstylolite swarms could often be correlated to porosity decreases
on porosity logs (Neutron, Sonic, or Density logs) (Fig. 75) and perme-
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ability decreases in core analyses , confirming the common association
of stylolites and low values of porosity and permeability .
A characteristic of stylolites in the study area, in particular
microstylolite swarms, which has not been addressed in previous studies,
is the observation that microstylolite swarms can be detected by gamma
ray-logs.

Often the microstylolite swarms will produce exaggerated

thicknesses on gamma-ray logs .
During the examination of well cores in the study area, it was
noted that many of the small gamma-ray log responses within the Bluell
could be correlated to microstylolite swarms; however, the development
of stylolites was not as great as the gamma-ray response indicated .
For example, the log shown in Figure 75 indicates a zone marked by
the arrow to be approximately 4 ft (1.2 m) thick, but the corresponding
stylolites and microstylolite swarms in core only have a combined
thickness of 1-2 in (2 . 54-5.08 cm) (Fig. 76).
Several factors may cause gamma-ray tools to exaggerate the thickness of microstylolite swarms.

A simple explanation is that the gamma-

ray response illustrated in Figure 75 is not exaggerated, and the
increased radioactivity is in response to radioactive material, such
as clay material, that is distributed throughout a 4 ft (1.2 m) thick
zone.

If so, the corresponding pressure-solution feature probably

only represents the peak of the gamma-ray response and only plays a
minor role in the gamma-ray response .

An alternative possibility

which this writer feels may explain the inflated thicknesses given by
gamma-ray tools of microstylolite swarms is that the gamma-ray tool
is detecting gamma-rays before actually passing the solution seams.
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Figure 75 .

Neutron log illustrating the gamma- ray response (arro s)
of a microstylolite swarm. Gamma-ray= Gamma radiation
level increases to the right . CAL= Caliper curve, hole
diameter increases to the right. Porosity N = Apparent
porosity based on neutron log response (limestone matrix),
porosity increases to the left . Porosity D = Apparent
porosity based on density log response, porosity increases
to the left .
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Figure 76.

Core photo illustrating the microstylolite swarm which
has caused the gamma-ray response in Figure 75 . Note
the thickness and the amount of insoluble material concentrated in this microstylolite swarm. Scale is 3 centimetres.
Marvin No . 1 at 5773 ft (1760 m).
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It is possible that the concentration of clays within microstylolite
swarms caused the emission of gamma-rays to be so intense that, as
an uphole moving gamma-ray tool approaches a microstylolite swarm , gammarays are detected 1-2 ft ( . 31-.62 m) before and after passing the
microstylolite zone .
A possible test of the this theory is to have a log run at an decreased speed across thick microstylolite swarms.

If the gamma-ray

response is the same in character and thickness, the gamma-ray tool
probably is giving a true response.

However, if the response becomes

more abrupt and becomes thinner, the gamma-ray tool is instead probably
detecting the strong natural radioactivity of microstylolite swarm
before and after passing the swarm.
Dolomitization
The dolomites that occur in each of the lithofacies of the Bluell
zone at Flaxton Field, probably formed through different processes or
mechanisms, and thus shall be be addressed individually .
Li thofac i es D

The formation of dolomite in lithofacies D can be best explained
by the local dewatering of sediments and the expulsion of magnesiumrich fluids during mechanical compaction .

Illing (1959), Jodry (1969),

Davies (1979), and others have proposed that dolomitization can occur
in argillaceous limestones and shales .

In a field study of Little

Knife Field by Lindsay and Roth (1982), Lindsay points out that the
mechanical compaction of sediments and the expelling of dolomitizing
fluids may be an alternative model to Adams and Rhodes' (1960) reflux
model, which is widely used to explain the occurrence of dolomite.

142
The high radioactivity displayed on a gamma-ray log of lithofacies D
suggests that lithofacies Dis quite argillaceous.

Petrographically,

lithofacies D also shows evidence of mechanical compaction (Figs. 35
and 55).

Therefore, it is quite possible that lithofacies D was dolo-

mitized by a dewatering process.

The source of magnesium for the

dolomitization of lithofacies D probably was connate seawater and
clay mineral transformation.

Davies (1979) and Land (1985) both suggest

that connate seawater and clay mineral transformation may be sources
for magnesium.

Furthermore, although Land (1985) dismisses subsur-

face waters as "massive" dolomitizing fluids because they are typically
depleted in magnesium relative to seawater in modern environments, he
late r states that the compaction of connate water in ancient environments may have produced some amounts of dolomite (Land, 1985, p. 42).
Davies (1979) contends that the Mg/Ca ratio of subsurface waters in
shales, argillaceous limestones, or other compactible sediments is often
increased by the precipitation of calcite cements and the introduction
of magnesium to pore fluids from Mg-calcite bioclasts and/or the dissolution of carbonate mud.

It is therefore possible that during the diagen-

etic history of lithofacies D, magnesium-enhanced connate waters acted
as dolomitizing fluids.
Clay mineral transformation can also increase magnesium levels
in connate waters (Davies, 1979; Land, 1985).

Land (1985), however,

argues that although many cite clay mineral transformation as a source
of magnesium, they usually ignore the fact that chlorite, a common
diagenetic mineral, consumes magnesium during its formation.

In ad-

dition, Land (1985, p. 42) states that although he has found small
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amounts of dolomite to be associated with shales, "the mass i ve release
of magnesium (by clays) is undocumented" .
It is not the suggestion of this report that the influx of connate
water or clay mineral transformation are major dolomitizing processes.
However in the case of lithofacies D, it is possible that during geological time, enough magnesium was provided through continued compaction
and the expelling of magnesium-enhanced connate fluids, along with clay
transformation, to have dolomitized 10-20 percent of lithofacies D.
Lithofacies E
Most modern dolomite is associated with supratidal conditions and
hypersalinity (Friedman, 1980 ; Land , 1985) . The dolomite in lithofacies
Eis interpreted to be a result of hypersalinity in both the depositional
and early diagenetic (eogenetic) realms.

As discussed in the deposit-

ional chapter of this study, lithofacies Eis interpreted to have been
deposited in a supralittoral setting.

It is also interpreted that the

dolomite is of the same supralittoral origin .

Lithofacies E was dolo-

mitized by processes which Mckenzie and others (1980 ) have proposed
for the dolomitization of sabkha sediments on Abu Dhabi in the Persian
Gulf .

During the deposition of lithofacies E, marine derived flood

waters were the main dolomitizing fluids .

After flooding, seawater

which remained ponded on the supralittoral flat became hypersaline and
eventually sank into the underlying sediments where gypsum crystals
formed, just below the sediment surface.

The precipitation of Caso,

cryst als, such as those in Figure 40, has been documented to cause the
loss of calcium ions from brines (Kendall, 1984 ; Land , 1985) .

In the

case of lithofacies E, Mg/Ca ratios probably were raised above 10 by
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the precipitation of sulfates, making conditions optimum for the formation of dolomite.

If Mg/Ca ratios rise above 10, the precipitation

of dolomite is much easier (Folk and Land, 1975).

The driving mechanism

for this model is believed to be an elevated head (Mckenzie and others,
1980), in contrast to Adams and Rhodes' (1960) density head or ''reflux".
In most small, modern supralittoral environments, storm recharge will
provide an elevation head (Land, 1985) (Fig. 77).
Lithofacies G
The origin or model for the dolomite which occurs in lithofacies
G is not easily identified.

The dolomite in lithofacies G may have

formed by: 1) flood recharge, capillary evaporation, and evaporitic
pumping (Obelenus, 1985); 2) the replacement of carbonates by saline
brines originating from marine evaporites; or 3) the precipitation
of primary dolomite.
Obelenus {1985) contends that the dolomite which makes up lithofacies G {Obelenus· Dolomudstone Lithofacies) formed by flood recharge,
capillary evaporation, and evaporitic pumping, the same processes which
Mckenzie and others (1980) have proposed for the dolomitization of the
Abu Dhabi sabkha in the Persian Gulf.

However, if these processes had

caused the dolomitization of lithofacies G, observers would expect to
find not only dolomite, but other evaporitic minerals such as gypsum,
anhydrite, and halite throughout lithofacies G.

The lack of these

associated evaporitic minerals in lithofacies Gin all but the top
1-2 ft (0.31-0.62 m) does not support Obelenus· suggested mechanisms.
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Figure 77.

Schematic diagram of a storm recharge model that probably
caused the dolomitization of lithofacies E.
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The second possible process which may explain the dolomitization
overlying evapori tes in the Rival subinterval ( Ful 1er , 1956 ).

In

his discussion of the dolomites in the upper Madison Group in the
Saskatchewan portion of the Williston Basin , Fuller suggested this
phenomena because he observed that the amount of dolomite in beds
just below the evaporites decreases progressively downward in the
section .

Lithofacies G, however , is consistently composed of 70-80

percent dolomite, and this value does not decrease downward in the
section.

Furthermore, the underlying beds of lithofacies Flack any

significant percent of dolomite.

The fact that the equivalent to

lithofacies G, "State A" marker bed, is bounded by thick evaporitic
sections elsewhere in the Williston Basin but is undolomitized indirectly
dismisses the dolomitization of lithofacies G by the downward percolation
of brines.
The third possible explanation for the dolomite and the development
of lithofacies G is that the unit was formed through the subaqueous
precipitation of primary dolomite.

Based on the relations discussed

in this study and in the recent literature, primary ·precipitation
appears to best explain the occurrence of dolomite in lithofacies G.
The processes controlling the precipitation of primary dolomite
are complicated and not well understood .

At the start of lithofacies

G deposition, a basin-wide event altered water conditions which were
favorable for the precipitation of primary dolomite .

Whatever basin

event caused the water conditions [e.g. lowering of sea level by evaporation, closing-off of the Williston Basin from the Mission Canyon sea,
or the penecontemporanous precipitation of sulfates in the other parts
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of the basin which would cause an increase in the Mg/Ca ratio in the
elevated (in comparison to modern sea Mg/Ca ratios) Mg/Ca waters of
lithofacies G), it is suggested that the Mg/Ca ratio along the northeastern margin of the Williston Basin increased to a point where dolomite
began to precipitate subaqueously.
Anoxic and sulfate reducing conditions, evidenced by the abundant
amounts of pyrite in the lithofacies G probably helped in the precipitation of primary dolomite and lithofacies G.

Baker and Kastner (1981)

have demonstrated that sulfate-reduction in unmodified seawater can
act as a catalyst for dolomite precipitation .
No examples of the direct precipitation of dolomite from seawater
have been recognized in modern environments.

Therefore, many geolog-

ists have dismissed the idea that primary dolomite is well represented
in the rock record .

However, this writer agrees with the suggestion

of Land (1985) and Shinn (1985, personal comm . ) that ancient seas
contained a higher Mg/Ca ratio than modern seas, and thus had the
potential to precipitate primary dolomite much easier than modern
seas.

Land (1985, p . 38) further states that "it is difficult to

see how a solution could be much more capable of dolomitization than
modern seawater."
Edie (1958, p. 342) was the first to suggest that dolomites in
the Williston Basin were "evaporitic (primary?) dolomites."

Since

Edie's work, Behrens and Land (1972) have suggested that primary dolomite
is being precipitated in Baffin Bay of Texas.

Friedman (1980, p . 78),

also suggests that dolomite is precipitating from sea-marginal ponds
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of the Red Sea, and he goes on to state that "dolomite must be considered
an evaporitic mineral . "
The precipitation of primary dolomite continued until the progradation of lithofacies G resulted in the exposure of the lithofacies
and the subsequent development of a coastal sabkha environment.

It

is therefore conceivable, and proposed by this study, that the majority
of lithofacies G represents the precipitation of primary dolomite in
a very shallow, hypersaline, subaqueous setting .
Saddle Dolomite
The minor occurrences of saddle or baroque dolomite occluding micr ovuggy pores in the mud-supported fabrics of lithofacies Band C probab ly
formed during late mesogenetic diagenesis , in a deep burial environment .
According to the work of Radke and Mathis (1980), saddle dolomite
requ i res temperatures ranging between 60 and 150 degrees celsius .

Only

in a deep burial environment would temperatures reach this magnitude.
Pore Tvpes
Intergranular
The intergranular pores are interpreted to be primary (depositional )
in origin and are a result of the close fitting of grains in grainsupported rocks .

At the time of deposition , these grain-supported

rocks probably possessed some of the highest porosity and permeability
values; however, this made them the most susceptible to early cementation which in turn destroyed most of the availabile porosity and gave
this pore type its typically low porosity values.
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Micro-vuggy and Vuggy
The micro-vuggy and vuggy pores which occur in the Bluell zone
at Flaxton Field probably formed through the dissolution of carbonate
matrix and cement by the influx of small volumes of fresh, undersaturated
(with respect to CaC03} waters.

However, the origin of these leaching

fluids can only be speculated on, because no clear-cut evidence suggests
a particular origin or mechanism.
Based on the observations that both matrix and cements have been
leached (Fig. 27), dissolution probably occurred in the mesogenetic
realm, after cementation and possibly after stylolitization.

An early,

near-surface (vadose} origin of these pores is dismissed because of
the lack of associated vadose features, along with the assumption that,
if these pores had developed before cementation, most of the microvuggy
and vuggy pores would be similar to the intergranular pores and be
partially or fully occluded with cement.
Several writers have called upon various origins and/or mechanisms
for the dissolution of carbonate sediments in the Mission Canyon Formation along the northeastern portion of the Williston Basin.

Suggestions

have included the dissolution by meteoric waters in a vadose setting
(Gerhard, 1978), or by acidic-pore waters in a "deep" subsurface environment (Elliott, 1982), or telogenetic dissolution by downward percolation
of meteoric waters (Obelenus, 1985).
Based on the cross cutting relations of microvuggy pores with the
surrounding matrix and cements in the study area, it is suggested that
dissolution probably occurred during mesogenetic diagenesis, in the
deep subsurface environment.

In addition, Hendricks (1987, personal
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comm.) suggests that the formation of late-forming baroque dolomite
in a deep burial environment within the micro-vuggy pores of the study
area may indirectly lend evidence that the micro-vuggy pores also
developed relatively late in the mesogenetic realm.

However, as is

the case with Elliott and his study of Haas Field, this study is unable
to single out, or suggest, a particular mechanism which has caused the
late dissolution of carbonate.
Fractures
The majority of fractures that occur in the study area probably
formed as a result of tectonic stress during the Laramide Orogeny (Late
Cretaceous Period) .

The Laramide Orogeny may have also developed much

of the present day structure of Flaxton Field.

The filling of fractures

by calcite cement suggests that cementation continued late into the
diagenetic history of the Bluell zone at Flaxton.
Intercrystalline
Intercrystalline pores are the result of the ill-fitting nature
of dolomite crystals.

Wardlaw and Cassan (1978) noted that reservoir

rocks that contain high intercrystalline porosity values should possess
high permeabilities and have recovery efficiencies of 55% or better.
However, in a discussion on dolomitic rocks and their associated permeabil i ties, Longman (1982) contends that permeability and pore size are
directly related to the size of dolomite crystals.

Since most of the

dolomitic rocks in the Bluell zone at Flaxton Field are very fine in
size (less than 10 um), only small intercrystalline pores were developed,
and this accounts for their low permeability values (Voldseth, 1986).

152
Others
Fenestral pores are interpreted to have formed by the partial
fill i ng of fenestrae by cements .

The intragranular pores which are

present probably were formed by the same dissolution process(es) which
formed the microvuggy and vuggy pores .
Other Diagenetic Processes
Micr i tization
The micritic laminae which occur on many ooids and pisoids in
the Bluell zone at Flaxton Field are suggested to have formed subaqueously, through the micrite infilling of vacated borings of endolithic
algae or fungi .

Bathurst (1975) explains that with the growth of

boring algae or fungi on and around ooids and pisoids, micro-borings
are developed, which after the death of the algae or fungi become
filled with micritic carbonate .

Bathurst (1975) refers to this process

as mi critization .
Pyritization
The pyrite which is commonly found in lithofacies E and G is
suggested to have originated from two different sources .

The finely

disseminated pyrite which occurs in lithofacies E, resulting in a patterned texture, is interpreted to have formed during the eogenetic realm ,
through the reduction of original sulfates .

The numerous anhydrite

replaced gypsum pseudomorphs and scattered anhydrite nodules in lithofacies E indirectly support this interpretation.
The occurrence and significance of patterned textures has been
addressed by Dixon (1976), Kendall (1977), and Elliott (1982).

Dixon

(1976) contends that patterned texture only occurs in rocks deposited
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in littoral and supralittoral environments, because in these environments
reducing conditions are optimum for the formation of pyrite.

Kendall

(1977), in response to Dixon's hypothesis, proposes that the patterned
texture observed in the Mission Canyon and Charles Formations formed
instead through the reduction of original sulfates, because the patterned
texture is commonly associated with anhydrites and often outlines or
"mimics" forms of bedded anhydrite or anhydrite nodules.

Furthermore,

Kendall (1977) contends that many of the anhydrites in the Mission
Canyon and Charles Formations are subaqueous in origin, and thus concludes that patterned texture can not be considered a reliable indicator
of littoral and supralittoral environments.
The dark, thin layers of pyrite in lithofacies Gare interpreted
to represent the remnants of blue-green algae.

Figure 51 illustrates

a classic example of a series of cryptalgalaminae along which pyrite
has been precipitated.

The presence of blue-green algae in lithofacies

G usually can not be directly identified, but the occurrence of thin,
horizontal layers of pyrite, indirectly suggests its occurrence.

Pyrite

is common and often precipitated along blue-green algal mats and sediments in tidal flats because of their high organic content, high sulfate
content, low iron content, high initial porosity, and frequent flooding
by brines containing metal ions (Dixon, 1976; Bartholme and others,
1973).
Compaction
The processes and results of mechanical compaction are proposed
to have played a major role in the deposition and dolomitization of
lithofacies D.

The mechanical compaction of sediments in lithofacies
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D was mainly a result of lithostatic pressure.

However , the anomalous

thickening of lithofacies G (Fig . 61 and Plate 4), which directly overlies lithofacies D, hints that lithofacies D was very susceptible to
compaction and because significant lithostatic pressure was not required,
compaction of lithofacies D may have began soon after burial .

The

thickening of the overlying Rival and Midale subintervals further implies
that compaction, along with localized subsidence of underlying sedimentary units, continued into Charles time .
The mechanical compaction of sediments is a phenomena which occurs
in elastics, but until recently geologists have questioned if mechanica l
compaction occurred in carbonates .

Edie (1958) was the first to suggest

that the compaction of carbonate sediments was a factor in the reduction
of porosity in oil fields located in the southeastern Saskatchewan
port i on of the Williston Basin, but the process of mechanical compaction
of carbonate sediments has been disregarded by most geologists.

For

example, Wanless (1979, p . 460) states that mechanical compaction "is
an unimportant process in most carbonate rocks . "

However, the often

cited work by Shinn and others (1977) and Shinn and Robbin (1983) has
opened the eyes (and minds) of many geologists , so that today both
mechanical and chemical compaction are considered major factors in
the reduction of porosity.

Since Shinn's evolutionary work , mechan-

ical compaction in the Williston Basin has been described in the studies
of Little Knife Field (Lindsey and Kendall, 1980; Lindsey and Roth,
1982) and Stanley Field (Beach and Schumacher, 1982) .

155
Neomorphism
Because the neomorphic calcite solely occurs in the mud-supported
rocks of the Bluell, it is inferred that neomorphism is a response
to a mesogenetic influx of fresh water, the same waters which probably
developed the microvuggy pores in the mud-supported rocks .
Today, little is understood about neomorphism and the processes
it i nvolves.

This lack of knowledge has lead Bathurst (1975, p. 483 )

to comment that "Inferences concerning the processes which led to
the sparry replacement can only be based on pathetically insubstantial
grounds at the present time."

In discussion of the growth of neomorphic

spar, Bathurst (1975, p. 481) points out that the early stages of
neomorphism are "obviously wet transformation of aragonite to calcite
and s ome passive dissolution-precipitation" .
Sili c ification
The fluids which caused the localized silicification along the
contact between lithofacies F and G probably originated from the disso l ution of quartz grains within lithofacies G.

It is possible that

the decay of the numerous cryptalgal mats in lithofacies G raised pH
levels high enough to cause the dissolution of some the quartz grains
in t h is lithofacies .

Later , these fluids migrated downward to the

contact between lithofacies G and F, and with a decline in the pH
value , locally replaced carbonates in lithofacies F.

Lindsay and

Roth (1982) note that decaying organic material can raise the pH of
fluids to levels where silica goes into solution and, with a decrease
in pH, silica will be precipitated .

Quinn (1986) also observed the

dissolution of quartz grains in the upper Mission Canyon Formation
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and suggested that the quartz grains in marker beds were sources for
silicifing fluids .

STRUCTURE AND HYDROCARBON OCCURRENCE
Structural Development
This study proposes that the majority of present da y structure
observed in the study area developed during mesogenetic diagenesis
probably as a result of related strain to the Laramide Orogeny .
Structure maps of the Sherwood zone (Plate 1) , the Bluell zone (Plate
3), the Midale subinterval (Plate 5) , and the Ratcliffe interval (Plate
6) all show similar structure and indicate a structural closure in
Flaxton Field located in section 12 , T. 163 R., R. 91 W.

The similarity

between all of the above mentioned maps suggests that most of the
structural features within the study area developed in post-Ratcliffe
time, most likely during Laramide movement (Cretaceous Period ).

The

structural cross-sections A-A' (Plate 7) and B-B' (Plate 8 ) further
illustrate the present day structure across Flaxton Field.
Many writers call upon Laramide Orogeny to be a major influence
on the development of structure in the Williston Basin.

In a report

on the Williston Basin, Gerhard and others (1982) suggested that the
Nesson Anticline had experienced some movement during the Laramide
Orogeny .

Lindsay and Roth (1982) also attribute the development of

the subtle structural nose seen in the Little Knife Field to the same
orogeny.

Therefore, it is probable that most of the present day struct-

ure in the study area is a result of the Laramide Orogeny .
Hydrocarbon Occurrence
Source
The Bakken Shale (Devonian) is believed to be the major source
for hydrocarbons found in the Mission Canyon and Charles Formations
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throughout the Williston Basin (Williams, 1974 ; Meissner , 197 8).

Accord-

ing to .Voldseth (1986) , a geochemical study by Dow in 19 82 for Monsanto
Oil Company found that hydrocarbons being produced from the upper Mission
Canyon Formation at Flaxton Field are correlative to the Type II Bakken
source oils described by Williams (1974).

Thermal maturation of oil

within the Bakken is believed to have occurred at depths greater than
7000 ft (2135 m), during the Cretaceous (Dow, 1974).
Migration
It is suggested by Meissner ( 1978) that hydrocarbons found in

the Bluell zone at Flaxton Field migrated from the deeper parts of
the Williston Basin.

He believes that they moved vertically through

Lodgepole fractures and Mission Canyon matrix pores and laterally
beneath evaporites in the Mission Canyon Formation.

Local migration

of hydrocarbons into the Bluell zone probably was vertical from the
Sherwood zone, along some of the fractures which developed during
the Laramide Orogeny .

Rapid production decline rates indicate that

the Bluell reservoir(s) at Flaxton Field are fracture-enhanced (Voldseth,
1986).
Entrapment
This study's interpretation of lithologic data, well logs , well
core data, and structure and isopach maps implies that both structure
and stratigraphy played a major role in the entrapment of hydrocarbons.
The cumulative production map of Flaxton Field (Plate 11) indicates
that structure has played a partial role in the trapping of hydrocarbons
at Flaxton .

Plate 11 shows that the optimum production in Flaxton

Field is located in the S

of section 12, T. 163 N. , R. 91 W. and N

159
of section 13 , T. 163 N., R. 91 W.

However, when the production map

is overlain with structure maps of either the Bluell zone (Plate 3)
or the Sherwood zone (Plate 1), optimum production does not coincide
with the structural closure of Flaxton Field, as one would expect if

entrapment was solely structurally controlled.
Since structural traps should have optimum hydrocarbon production
on their crest or where there is structural closure, the off-structure
production at Flaxton Field suggests that the trapping of hydrocarbons
may be, in part, stratigraphically or hydrodynamically controlled.
Hydrodynamic flow often can cause offset production and tilted oil-water
contacts {Selley, 1985).

However, the structural setting of Flaxton

Field dictates that if hydrodynamic flow influences hydrocarbon production, the updip northeasterly flow of groundwater through the study
area {Downey, 1984) would cause optimum production to occur on the updip
northeast side of structural closure.

However, as pointed out above,

optimum production in the study area occurs on the downdip southwest
flank of the closure, and therefore, rules out an influence by hydrodynamics.
The stratigraphic trapping of hydrocarbons is probably controlled
by the distribution of lithofacies and the presence of pressure-solution features.

The lateral and vertical development of lithofacies

is best illustrated in the stratigraphic cross-sections

c-c·

{Plate

9) and D-D' {Plate 10) and their respective schematic drawings (Fig.
61 and Fig. 62).

These stratigraphic cross-sections show that the

majority of the hydrocarbons produced from the Bluel! in the Flaxton
area are from wells that have penetrated the mud-supported rocks that
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contain micro-vuggy pores in lithofacies Band C.

The wells that pene-

trated the grain-supported rocks of lithotypes A and B did have been
found to be uneconomical.
The abundance of stylolites, in particular microstylolite swarms,
has also influenced the entrapment of hydrocarbons in the Bluel! zone
at Fl axton Field.

As previously discussed in the section on diagenesis,

the process of pressure-solution can create vertical permeability
barr i ers.
An exploration philosophy used in carbonates is to look for thin
zones of shale or clay overlying cleaner, less argillaceous , porous
limestones.

The thin zones of shale are considered good permeability

barr i ers for hydrocarbons.

However, in the case of the Bluel! zone

at Fl axton Field, what has been referred to by field geologists as thin
shaley layers are actually microstylolite swarms.

These microstylolite

swarms, which during their development caused the dissolution and reprecipat ion of calcium carbonate as local cement, subsequently developed
vertical permeability barriers.

It is therefore likely that many of

the thin, 2-4 ft (0.61-1.22 m) gamma-ray reponses, which have been referred to as "shaley zones" or argillaceous zones in the upper Mission
Canyon in the Williston Basin, have been incorrectly identified and
are actually thin microstylolite swarms.
Hydrocarbon Discussion
One of the goals of this study was to identify and understand the
trapping rnechanism(s) for hydrocarbons within the Bluel! zone at Flaxton
Field.

The discovery of hydrocarbons in the upper Mission Canyon Form-

ation (Sherwood and Bluel! zones) at Stanley Field in 1977 spurred
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renewed interest in the upper Mission Canyon Formation in the Wi l liston
Basin, particularly, in Burke and Mountrail Counties.

Based on the

evidence seen at Stanley Field in the upper Mission Canyon Formation ,
Beach and Schumacher (1982) proposed a new model for the exploration
of oil and gas in the Mission Canyon Formation of the Williston Basin .
Beach and Schumacher (1982) demonstrated through the use of well cores,
structural cross-sections, and isopach maps that the thickening of
sediments within the upper Mission Canyon Formation correspond to
"island sediments" or sediments which were subaerially exposed, and
the areas of thinning correspond to "marine sediments" or sediments
which were subaqueously deposited and which were never subaer1ally
exposed .

However, with the subsequent burial of the upper Mission

Canyon sediments, the thick and thin relationships become reversed.
They attributed the reversals in thicknesses to be a result of cementation, in which the early cementation of the "island sediments" provided
a constraint against mechanical compaction , whereas the adjacent "marine
sediments" were not cemented early and thus were susceptible to mechanical compaction .

Based on these observations, Beach and Schumacher

(1982) believed that the differential compaction of sediments in the
upper Mission Canyon Formation caused the development of a stratigraphic
trap for hydrocarbons at Stanley Field.

In a recently published study

of Flaxton Field, Voldseth (1986) cites the work of Beach and Schumacher
(1982) and suggests that the processes of differential compaction which
occurred at Stanley Field also formed the structural relief at Flaxton
Field.
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This study does not support the contention of Voldseth ( 1986 )
that the structural relief of Flaxton Field was formed through the
differential compaction of sediments because for following reasons:
1) the structure maps of the Midale subinterval (Plate 5) or the Ratcliffe interval (Plate 6) do not show a loss of structure and the
return to regional dip; 2) a sharp decline in the amount of early
cementation is observed only within the Bluell zone at Flaxton Field
in the Kinson-Alvina well; with the differences in structural relief
observed within Flaxton Field, this writer would expect to observe
significant contrasts in the amount of early cementation if this was
a factor in the development of the structure at Flaxton; 3) structural cross-sections across Flaxton Field (Plates 7 and 8) and isopachs
(Plates 2 and 4) show no conclusive evidence of great differences in
the thickness of intervals or reversal of thicks and thins; and 4)
the reservoir rocks within the Bluel! zone at Flaxton Field are interpreted to have been deposited in a sublittoral environment rather
than in a littoral or supralittoral environment as suggested by Beach
and Schumacher (1982) at Stanley Field.
Because of the correlation of hydrocarbons with structure . the
development of micro-vuggy pores in the reservoir rocks, and the presence
of microstylolite swarms. the trapping of hydrocarbons in the Bluell
zone at Flaxton Field is interpreted to be both structurally and stratigraphically controlled.
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Table 1.

Table illustrating the relative timing (paragenesis) of diagenetic processes in the Bluell zone at Flaxton Field.

Table 1.0- Relative Timing of Diogenetic Processes
EOGENETIC
early

MESOGENET IC
late

-Micritizotion
-Sulfate Nodule Emplacement---Pendant Cementalion
-Fibrous Calcite Cementation--Penecontemporonous Dolomitization-

early

late

I

I
I

I -Bladed Calcite Cementation--Dewalering Dolomitlzation
1
Pressure Solution- -- Fracturing
Equont Calcite Cementation
I Precipitation/Replacement by
Celestite and 2nd Anhydrite
lntercrystall ine Pore

I

I

Compaction

I

I

I

I

I
I
I

---

--

---

-

--Pyrite Precipitation---Silicification- - - --Neomorphism
-Micro-vuggy ond Vuggy Pores--Saddle Dolomite--Laromide Movement(Development of Structure)
-Hydrocarbon Migration/Emplacement-

FURTHER STUDY
In order for geologists to more throughly understand the occurrence
of hydrocarbons in the upper Mission Canyon Formation in Burke County,
several more depositional and diagenetic studies of the Sherwood and
Bluel! zones in areas surrounding Flaxton Field are necessary.
This study infers that the "State A" marker bed was subaqueosly
precipitated as primary dolomite .

Based on the discussion of primary

dolomite in the literature and the regional occurrence of the "State
A" marker , the "State A" marker bed is geologically unique .

Its wide

regional occurrence and consistency, does not fit into any of the
model(s) presently documented in the literature .

To better understand

the "State A", its dolomite origin, and geological implications it is
necessary for a complete basin-wide study , involving its well log
character and geochemistry.
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CONCLUSIONS
1)

Determined mainly by depositional characteristics, seven major

lithofacies make up the Bluel! zone at Flaxton Field.

They include:

a) the oolitic, pisolitic, and intraclastic packstone and grainstone
(lithofacies A); b) the skeletal, peloidal, intraclastic wackestone
and packstone (lithofacies 8); c) the fenestral and green algal mudstone
and wackestone (lithofacies C); d) the skeletal and slightly intraelastic wackestone and overpacked packstone (lithofacies D); e) the
patterned dolomitic mudstone (lithofacies E); f) the intraclastic
and peloidal wackestone and packstone (lithofacies F); g) the dolomudstone (lithofacies G).
3)

Deposition of the Bluel! zone at Flaxton Field, for the most

part, took place in a shallow, restricted, sublittoral environment.
However, the gradual lowering of sea level and the progradation of
carbonate sediments in turn caused the development of littoral and
supralittoral environments and the precipitation of dolomite.
4)

The depositional history of the Bluell zone at Flaxton Field

represents the late stage of an upward shallowing sequence which can
be subdivided into four (4) depositional time periods (T1-T4).

T1

represents "early Bluell" time, when deposition across the entire study
area was in a shallow, restricted, sublittoral setting and lithofacies
A, 8, C, and D were deposited.

TZ represents "middle Bluell" time,

in which the lowering of sea level and the progradation of carbonate
sediments caused the development of a supralittoral flat (lithofacies
E), which was periodically flooded with sea water.

T3 represents "middle

to late" Bluell time and the return to the sublittoral deposition and
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the deposition of lithofacies F.

T4 represents ''late Bluell" time when

water conditions were altered, causing the subaqueous precipitation
of "primary dolomite" and the development of lithofacies G.

The sub-

sequent progradation of lithofacies G, combined with the lowering of
sea level, caused the development of a coastal sabkha environment,
marking the end of Bluel! deposition.
5)

The sediments or rocks of the Bluell zone at Flaxton have been

subjected to a complex series of diagenetic processes.
6)

The most important diagenetic processes which occurred within

the study area include cementation, pressure-solution, dolomitization,
creation of secondary porosity, development of structure, and the
migration of hydrocarbons.
7)

The majority of the dolomite which makes up lithofacies G

(the "State A" marker bed) is suggested to have originated through
the subaqueous precipitation of "primary dolomite".
8)

Many of the gamma-ray kicks seen on logs and which have been

previously referred to as argillaceous or "shaley zones" are actually
developments of microstylolite swarms.
9)

The trapping of hydrocarbons at Flaxton Field has been influ-

enced by both structure and stratigraphy.
10)

The majority of hydrocarbons in the Bluel! zone at Flaxton

Field are being produced from the micro-vuggy pores in the mud-supported
fabrics in lithofacies Band C.
11)

Fracturing during the Laramide Orogeny has enhanced the

production of hydrocarbons at Flaxton Field.
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12) In comparison to the observations by Beach and Schumacher (1982)
on Stanley Field and Voldseth (1986) on Flaxton Field, this study has
shown that the majority of sediments were deposited in the sublittoral
zone (as opposed to Beach and Schumacher's littoral and supralittoral
sediments}.

In addition, the compaction of sediments occurred only

along the northwest margin of the study area and therefore was not a
major factor in the formation of structure at Flaxton Field .

Instead,

as evidenced in cross-sections and structure and isopach maps, the
majority of structure in the Flaxton Field was formed during postRatcliffe time , probably during the Laramide Orogeny .

APPENDICES

LIST OF CORES DESCRIBED
WELL A Harms //21-9
Century Oil and Gas, Inc.
NESE 21-163N-91W
Adjustment: Add 7 feet to core depth = log depth.
WELL B Hanson //22-3
Century Oil and Gas, Inc.
NENW 22-163N-91W
Adjustment: None
WELL C Schultz /114-4
Century Oil and Gas, Inc.
NWNW 14-163N-91W
Adjustment: Add 16 feet to core depth = log depth.
WELL D Abel-USA #1
Monsanto Oil Company
SENW 11-163N-91W
Adjustment: Subtract 6 feet from core depth= log depth .
WELLE

Galvin 112
Monsanto Oil Company
NWNW 12-163N-91W
Adjustment: Add 4 feet to core depth = log depth.

WELL F

Stannard 112
Monsanto Oil Company
NWSW 1-163N-91W
Adjustment: Add 9 feet to core depth = log depth.

WELL G Olson #1
Southern Union Exploration Co. of Texas
SESW 26-163N-91W
Adjustment: None
WELL H Lottie //2
Monsanto Oil Company
NWSW 13-163N-91W
Adjustment: Add 1 foot to core depth = log depth.
WELL I

Sorum 111
Monsanto Oil Company
SENW 13-163N-91W
Adjustment: Add 2 feet to core depth = log depth.

WELL J

Alfred #1
Monsanto Oil Company
SESE 12-163N-91W
Adjustment: Subtract 2 feet from core depth= log depth.
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WELL K Edith #1
Monsanto Oil Company
SENW 7-163N-90W
Adjustment: Subtract 2 feet from core depth= log depth.
WELL L Alberta #1
Monsanto Oil Company
NWSE 6-163N-90W
Adjustment: Subtract 7 feet from core depth= log depth.
WELL M Faith //1
Monsanto Oil Company
SESE 1-163N-91W
Adjustment: Add 2 feet to core depth

log depth.

WELL N Jacobsen #1
Monsanto Oil Company
SENE 12-163N-91W
Adjustment: Subtract 2 feet from core depth= log depth.
WELL O Jensen #1
Monsanto Oil Company
SESW 7-163N-90W
Adjustment: Subtract 6 feet from core depth= log depth.
WELL P

Jensen #2
Monsanto Oil Company
SESE 7-163N-90W
Adjustment: Add 2 feet to core depth

log depth.

WELL Q Ronald #1
Monsanto Oil Company
SENW 16-163N-90W
Adjustment: Subtract 2 feet from core depth= log depth.
WELL R Kinson - Alvina #1
Monsanto Oil Company
SENE 4-163N-91W
Adjustment: Add 13 feet to core depth= log depth.
Well S Galvin #1
Monsanto Oil Company
SWNW 12-163N-91W
Adjustment: Add 2 feet to core depth= log depth.
WELL T Marvin #1
Monsanto Oil Company
SESW 163N-91W
Adjustment: Subtract 2 feet from core depth= log depth.

-

-------

CORE AND THIN SECTION DESCRIPTIONS
IP: 33 BOPD, 109 MCF, 3300 GOR
REPORTED CORE DEPTH: 5956-6032
ADJUSTED CORE DEPTH: 5963-6039

Harms 1/21-9
CENTURY OIL AND GAS, INC.
NESE-21-163N-91W
RIVAL SUBINTERVAL

5963 . 0 ANHYDRITE, blue-gray to light gray, patterned anhydrite, 0%
porosity, dense blue-gray chicken wire anhydrite, very tight .
TS-A5968.0 Anhydritic and dolomitic mudstone; anhydrite (crystallotopic
and anhydrite replaced gypsum pseudomorphs)- 70%, micrite20%, very fine crystalline dolomite-10%, 1-2% intergranular
porosity

STATE "A" MARKER
5970.0 DOLOMITIC MUDSTONE, olive brown/tan, few intraclasts and fossil
fragments? argillaceous, patterned, few laminations, stylolitic
(type 1), horizontal and vertical fractures, 5%-8% intercrystalline porosity, crystallotopic anhydrite crystals @ 5976.5 .
TS-A5970 Anhydritic dolomitic mudstone; anhydrite (crystallotopic
and anhydrite replaced gypsum pseudomorphs)-60%. micrite-20%,
very fine crystalline dolomite 15-20%, 0-2% intergranular and
fracture porosity.
TS-A5972 Dolomudstone; quartz grains (angular, 15-20 microns in diameter)-5%, very fine crystalline dolomite-65%, secondary
anhydrite (crystallotopic)-15%, pyrite-trace, 6-7% intercrystalline porosity.
TS-A5975 Anhydritic wackestone; intraclasts-10%, peloids-5%, fossils
(green algae, brachiopods, skeletal debris)-3%, quartz grains2%, secondary anhydrite (crystallotopic)-63%, micrite-15%,
very fine crystalline dolomite-1% . pyrite-1% , no visible porosity
( 0%).
TS-A5975.7 Cryptalgal and dolomitic mudstone; fossils (blue-green
algae laminae)-25%, intraclasts-5%, quartz grains-8%, micrite28%, very fine crystalline dolomite-15% , calcite spar (equant )15%, secondary anhydrite (crystallotopic)-4%, no visible
porosity ( 0%) .
BLUELL BEDS
5977 . 0 INTERBEDDED MUDSTONE/WACKESTONE, blue-gray/gray, intraclasts,
calcite filled fenestrae, abundant crystallotopic anhydrite ,
stylolitic (types 1 and 2), 3-4% intergranular porosity .
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TS-A5978 Slightly fossiliferous and intraclastic wackestone; fossils
(ostracods, gastropods, brachiopods)-15%, intraclasts-10%,
micrite-55%. calcite spar {equant crystals)-15%, secondary
anhydrite-5%, slightly stylolitic, no visible porosity (0%).
5979.0 PACKSTONE/WACKESTONE, olive brown, intraclasts, laminated
{algal?), calcite and anhydrite filled fenestrae, 3-4% intergranular porosity, slighty stylolitic.
TS-A5980 Dolomitic mudstone; intraclasts-5%, quartz grains-5%, grapestones-2%, ooids (with fibrous laminae)-trace, fossils (brachiopods, ostracods)-trace, micrite-50%, very fine crystalline
dolomite-15%, calcite spar (equant crystals)-5%. secondary
anhydrite-2%, insoluble clays-2%, 4-5% intergranular, microvuggy and intercrystalline porosity.
5982.0 MUDSTONE/WACKESTONE, brachiopods, ostracods, gastropods, few
intraclasts, microstylolitic, abundant vertical fractures,
elongate calcite filled fenestrae, 3-4% intergranular porosity,
possible crust@ 5984.0, stylolite swarm@ 5982.0.
TS-A5982.6 Dolomitic, intraclastic and fossiliferous packstone;
intraclasts-25%, fossils {ostracods, calcispheres, brachiopods,
blue-green algae-Ortonella)-20%, micrite-35%, fine crystalline
dolomite (matrix selective)-15%, calcite spar {bladed and
equant)-5%, no visible porosity (0%)
TS-A5982.9 Slightly fossiliferous mudstone; fossils (calcispheres,
green algae, ostracods, gastropods)-10%, intraclasts-3%,
micrite-77%, calcite spar (equant crystals)-5%, secondary
anhydrite (crystallotopic)-3%. fine crystalline dolomite-1%.
1% intergranular porosity.
TS-A5983.4 Fossiliferous wackestone; fossils (calcispheres, green
algae, brachiopods, gastropods)-20%, quartz grains-trace,
micrite-70%, calcite spar (equant crystals)-6%, secondary
anhydrite (crystallotopic)-2%, very crystalline dolomite-1%,
no visible porosity (0%).
5985.0 FOSSILIFEROUS WACKESTONE/MUDSTONE, tan to olive brown, brachiopods, gastropods, calcite and anhydrite filled fenestrae, microstylolitic, 2-3% intergranular porosity, elongate (2.5cm) calcite
filled fenestrae {possible worm tubes), mottled@ 5986.3 .
TS-A5986 Fossiliferous and slightly intraclastic wackestone; fossils
(calcispheres, gastropods, green algae. ostracods, brachiopods)20%, intraclasts-10%. micrite-57%, calcite spar (equant ' crystals)-10%, secondary anhydrite-trace, fine crystalline dolomite
(matrix selective)-trace, 2% intergranular porosity.
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5987.0 WACKESTONE/PACKSTONE, dark gray, intraclasts, ooids, pisoids,
calcite filled fenestrae, calcite filled vertical and horizontal
fractures, microstylolitic, 1-2% intergranular porosity, the
abundance of microstylolites decreases upward in section.
5988.0 MUDSTONE, dark gray, few intraclasts?, top of zone is patterned
with the lower portion exhibiting abundant calcite filled
fenestrae, 3-4% intergranular porosity.
TS-A5988 Silty and dolomitic wackestone; quartz grains-20%, intraclasts5%, dolomite grains-4%, very fine crystalline dolomite crystals6%. micrite-63%, calcite spar (equant crystals)-trace, 1%
intergranular porosity.
5989.0 PACKSTONE/WACKESTONE, brownish gray, pisoids/ooids, interbedded
with grainstones, calcite and anhydrite filled fenestrae, calcite
filled vertical fractures, stylolitic (types 1 and 2), mudcrack
and crusts, 1-2% intergranular porosity, the amount of calcite
fenestrae decrease up-section with depth.
TS-A5989 Oolitic wackestone; ooids (with fibrous laminae)-30%, peloids8%, fossils (skeletal debris)-5%, grapestones-trace, micrite40%, calcite spar (equant crystals)-9%, secondary anhydrite4%, dolomite-2%, pyrite-1%, no visible porosity (0%) .
TS-A5990 Intraclastic wackestone interbedded with oolitic grainstones;
intraclasts-15%, ooids (with fibrous laminae)-10%, quartz
grains-3%, grapestones-2%, micrite-40%, calcite spar (fibrous,
bladed, and equant)-25%, secondary anhydrite-3%. fine crystalline
dolomite (matrix selective)-1%, vertical fractures occluded
with calcite spar, slightly stylol i tic, no visible porosity ( 0%) .
TS-A5990.5 Oolitic wackestone; superfical ooids-45%, quartz grains3%, calcite spar (fibrous and equant)-30%, micrite-15%, secondary
anhydrite-5%, fine crystalline dolomite (matrix selective)-1 %,
pyrite-trace, slightly stylolitic, 1% micro-vuggy porosity.
5991 . 0 WACKESTONE, gray-light brown , ooids, pisoids, intraclasts,
slightly stylolitic (type 1), vertical fractures, abundant
anhydrite and calcite filled fenestrae, 3-4 % vuggy and intergranular porosity, vugs completely lined with dogtooth calcite ,
large anhydrite nodule@ 5992.0.
TS-A5992 Mudstone; fossils (calcispheres, ostracods, skeletal debris)5%, micrite-65%, calcite spar (equant crystals)-20%, secondary
anhydrite and celestite-10%, slightly fractured, 1% microvuggy porosity.
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5994 . 2 PACKSTONE/GRAINSTONE, light brownish gray, ooids and pisoids,
intraclasts, gastropods, brachiopods, sharp contact@ top of
zone (erosional?), vertical fractures, anhydrite fenestrae,
numerous cemented surfaces with few being replaced with anhydrite, 2-4% intergranular porosity, majority of grains are ooids.
TS-A5995 Peloidal and grapestone wackestone; peloids-20%, grapestones20%, fossils (calcispheres, gastropods, brachiopods)-7%,
intraclasts-5%, ooids-trace, quartz grains-trace, micrite20%, secondary anhydrite and celestite-20%, calcite spar
(equant crystals)-5%, 3% micro-vuggy and fracture porosity.
TS-A5996 Oolitic wackestone; ooids (with fibrous and micritic laminae)25%, intraclasts-10%, peloids-5%, fossils (calcispheres, green
algae)-2%, micrite-20%, calcite spar (fibrous and equant)-2%,
secondary anhydrite and celestite-10%, microspar-5%, 3% fracture
and micro-vuggy porosity.
5997 . 0 MUDSTONE/WACKESTONE, light olive-brown, intraclasts, ooids and
pisoids , algal filaments?, gastropods, ostracods, calcite and
anhydrite filled fenestrae, vertical fractures, stylolitic (type
1, large amplitude), 5-8% microvuggy/vuggy porosity, large stylolite cuts across fractures, large vugs begin @ 6001 . 5.
TS-A5997.8 Fossiliferous wackestone; fossils (calcispheres, ostracods,
brachiopods)-40%, intraclasts-5%, micrite-35%, calcite spar
(equant crystals)-20%. 1% micro-vuggy porosity .
TS-A5998 Green algal mudstone and wackestone; fossils (calcispheres,
ostracods, brachiopods, gastropods, green algae, forams)-13%,
intraclasts-trace, micrite-65%, calcite spar (equant crystals)20%, 1% fracture porosity.
TS-A6001.7 Green algal wackestone; fossils (green algae, calcispheres,
ostracods, brachiopods, gastropods)-25%, micrite-65%, calcite
spar (equant crystals)-15%, 8% micro-vuggy porosity.
6002.0 WACKESTONE/MUDSTONE light brown/tan, intraclasts, calcite filled
fenestrae, mottled@ 6003 . 8, 9% vuggy porosity, vugs are
completely lined with dogtooth calcite .
TS-A6002 Green algal mudstone; fossils (calcispheres, green algae,
ostracods, brachiopods, echinoderms)-30%, micrite-58%, calcite
spar (equant crystals)-12%, secondary anhydrite-3%, 5% vuggy
and micro-vuggy porosity.
6004 . 0 INTRACLASTIC PACKSTONE, light brown, intraclasts, ostracods,
algal filaments or worm tubes?, few brachiopods and gastropods,
calcite filled fenestrae with occasional anhydrite filled fenestrae, 8-9% vuggy porosity, cemented surface@ 6004.5 .
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TS-A6004 Green algal mudstone; fossils (calcispheres, green algae,
ostracods, blue-green algae-Ortonella)-8%, micrite-65%, calcite
spar (equant crystals)-22%, secondary anhydrite and celestite5%, 15% micro-vuggy and vuggy porosity.
6006.0 INTRACLASTIC WACKESTONE, brownish gray, intraclasts, brachiopods,
calcite and anhydrite filled fenestrae, stylolitic (type 1,
medium amplitude), 4% intergranular and microvuggy porosity,
noticeable change in porosity.
6007.0 OOLITIC/PISOLITIC PACKSTONE, brownish gray, ooids and pisoids,
anhydrite filled fenestrae, numerous cemented surfaces, slightly
stylolitic, 4-5% intergranular porosity, pisoids characteristic
of vadose diagenesis.
TS-A6007.5 Pisolitic and oolitic wackestone; pisoids (with fibrous
and micritic laminae)-20%, ooids-15%. peloids-10%, fossils
(calcispheres)-3%, quartz grains-trace, micrite-25%, calcite
spar (equant crystals)-20%, 5% vuggy porosity.
6009.7 INTRACLASTIC WACKESTONE/MUDSTONE, light olive brown, intraclasts,
anhydrite and calcite filled fenestrae. slightly stylolitic,
6-7% intergranular and vuggy porosity, intraclasts are less
than 1mm in size.
6010.3 INTERBEDDED INTRACLASTIC WACKESTONE/PACKSTONE, light brown/tan,
intraclasts, brachiopods, abundant microfractures healed with
calcite, calcite and anhydrite filled fenestrae, slightly
stylolitic, few cemented surfaces, few anhydrite nodules. 812% vuggy and intergranular porosity, good porosity but lacks
permeability.
TS-A6012 Green algal wackestone; fossils (calcispheres, ostracods,
brachiopods)-30%. intraclasts-3%, micrite-50%, calcite spar-10%,
secondary anhydrite-3%, 5% intergranular and vuggy porosity.
6014.0 INTRACLASTIC PACKSTONE/WACKESTONE, light brown, intraclasts,
ooids and pisoids, microstylolitic, anhydrite and calcite filled
fenestrae, 8% microvuggy porosity, very tight.
6015.0 INTRACLASTIC PACKSTONE/WACKESTONE, interbedded with thin zones
of packstones, light brown, intraclasts, brachiopods, ostracods,
possible worm tubes?, ooids and pisoids@ base of zone, anhydrite fenestrae, slightly stylolitic (types 1 and 2), 8-13%
microvuggy and intergranular porosity.
TS-A6016 Oolitic wackestone; ooids (with fibrous laminae)-15%, fossils
(calcispheres, green algae, ostracods, brachiopods, blue-green
algae, forams)-5%, micrite-55%, calcite spar (equant crystals)20%, 2-3% vuggy and fracture porosity.
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TS-A6017.6 Slightly fossiliferous mudstone; fossils (calcispheres,
ostracods)-8%, peloids-5%, ooids (with fibrous laminae)-3%,
intraclasts-2%, grapestones-1%, quartz grains-1%, micrite65%, calcite spar (fibrous and equant crystals), secondary
anhydrite-trace, fine crystalline dolomite (matrix selective)trace, 1% intergranular and fracture porosity.
SHERWOOD ARGILLACEOUS MARKER
6018.0 PACKSTONE/WACKESTONE, intraclasts, ooids and pisoids, abundant
amounts of stylolitization (types 1 and 2), less than 1%
porosity, extremely tight!, heavily stylolitized.
TS-A6019 Oolitic wackestone; ooids (with fibrous laminae)-50%, grapestones-trace, fossils (ostracods and brachiopods)-trace,
micrite-28%, calcite spar (equant crystals)-20%, secondary
anhydrite-trace, slightly stylolitic, 0-1% intergranular
porosity.
HANSON //22-3
CENTURY OIL AND GAS, INC.
NENW-22-163N-91W

IP: 47 BOPD. 156 BWPD. 38 GTY
REPORTED CORE DEPTH: 5937-5981
ADJUSTED CORE DEPTH: 5937-5981

BLUELL BEDS
5936.5 DOLOMUDSTONE, Light tan, dark/black semicircular laminations
(pyritic), 25% intercrystalline porosity, only 7 centimeters
of core available for examination.
5937.3 MUDSTONE/WACKESTONE, brownish gray, few intraclasts and peloids.
microstylolitic, small calcite filled fenestrae, slightly
mottled, 5% intergranular porosity, possible algal laminae@
5937.5.
5939.0 PATTERNED MUDSTONE, light gray/creamy white, stylolitic (types
1 and 2), vertical fractures filled with crystal lotopic anhy.dri te, 5% intergranular porosity.
TS-85939 Mudstone; quartz grains-3%. intraclasts-2%, fossils (ostracods
and calcispheres)-trace, micrite-70%, calcite spar (equant
crystals)-20%, very fine crystalline dolomite-2%, secondary
anhydrite and celestite-2%, 1-2% intergranular porosity .
5940.0 SLIGHTLY FOSSILIFEROUS PACKSTONE, gray, brachiopods, ostracods,
intraclasts, peloids, vertical fractures filled with anhydrite,
anhydrite and calcite filled fenestrae, crystallotopic anhydrite,
microstylolitic, 4% intergranular porosity, microstylolite
swarm@ 5941.9.
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TS-85941 Intraclastic and oolitic packstone and wackestone; intraclasts15%, ooids (with fibrous laminae)-10%, fossils (ostracods,
calcispheres, brachiopods, skeletal debris)-5%, micrite-55%,
calcite spar (equant crystals)-5%, secondary anhydrite-8%,
saddle dolomite-trace, 2% vuggy porosity.
5942.0 MUDSTONE, gray/grayish brown, few intraclasts and ostracods/
brachiopods, vertical fractures filled with calcite, calcite
filled fenestrae, microstylolitic, 3% intergranular porosity,
microstylolite swarm caps a thin patterned mudstone@ 5944.6,
ostracods and brachiopods become abundant@ 5945.0.
5946.0 ALGAL? MUDSTONE, dark gray-black, ostracods, brachiopods,
skeletal debris, laminated (algal related laminae)@ 5946.1,
2% intergranular porosity.
5947.5 FOSSILIFEROUS MUDSTONE/WACKESTONE, gray to brownish gray,
ostracods, gastropods, brachiopods, skeletal debris, intraclasts,
peloids, vertical and horizontal fractures, abundant calcite
filled fenestrae, patterned@ 5949.5, 2% intergranular porosity,
2.5cm thick cumulative stylolite swarm.
5950.5 DOLOMUDSTONE, light gray, few allochem ghosts, larger dolomite
crystals supended in a microcrystalline dolomite matrix, 20%
intercrystalline and interganular porosity.
TS-85951 Dolomitic mudstone; micrite-55%, anhydrite- and celestitereplaced gypsum pseudomorphs-5%, fine crystalline dolomite
(matrix selective)-35%, pyrite-trace, 5% fracture and intercrystalline porosity.
595 1.8 MUDSTONE/WACKESTONE, gray, intraclasts, pisoids, vertical
fractures healed with calcite, calcite and anhydrite filled
fenestrae, cemented surface@ 5952.6, 2% intergranular porosity,
pisolitic/ oolitic/intraclastic packstone interbedded@ 5952.8
to 5953.5 with abundant anhydrite and calcite filled fenestrae.
5954.0 PISOLITIC/OOLITIC INTRACLASTIC PACKSTONE, light brown-tan,
pisoids and ooids, intraclasts, calcispheres, brachiopods,
skeletal debris, slightly stylolitic (types 1 and 2), vertical
fractures healed with calcite, numerous cemented surfaces,
calcite and anhydrite filled fenestrae, 8% microvuggy and
intergranular porosity, thin zones of good microvuggy and vuggy
porosity, few vugs are completely lined with dogtooth cement.
TS-85959 Oolitic wackestone interbedded with peloidal packstones; ooids
(with fibrous laminae)-40%, peloids-10%, intraclasts-5%, micrite30%, calcite spar (equant crystals)-15%, secondary anhydrite2%, saddle dolomite-trace, 5% intergranular porosity.
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5960.5 WACKESTONE/MUDSTONE, grayish brown/tan, intraclasts, peloids,
calcispheres, skeletal debris, calcite filled fenestrae, vertical
and horizontal microfractures, slightly microstylolitic, 3%
intergranular porosity, slightly pyritic, percentage of allochems
increase upward where the fabric becomes a wackestone, large
type 1 (suture} stylolite@ 5963.0.
5963.0 DENSE MUDSTONE, brownish gray, algal filaments, ostracods,
brachiopods, calcispheres, few intraclasts, microstylolitic,
vertical fractures, 1% intergranular porosity, very tight
slightly fossiliferous mudstone.
TS-85964 Green algal wackestone; fossils (green algae, calcispheres,
ostracods)-15%, intraclasts-trace, quartz grains-trace, micrite84%, calcite spar (equant crystals}, fine crystalline dolomite
(matrix selective}-trace, pyrite-1%, no visible porosity.
5966.5 DENSE WACKESTONE, gray/brownish-gray, intraclasts, pisoids,
peloids, ostracods, calcispheres, brachiopods, becomes very
stylolitic (types 1 and 2, low and medium amplitude) @ 5967.5
few calcite filled fenestrae, 1% intergranular porosity.
5969.0 MUDSTONE, tan, algal filaments, calcispheres, brachiopods,
gastropods, coral fragments, skeletal debris, 8-10% microvuggy,
intergranular, and intraparticle, fine-grained skeletal material.
TS-85973 Green algal wackestone; fossils (green algae, calcispheres,
brachiopods, ostracods, forams)-50%. micrite-45%. microspar3%, 4-6% micro-vuggy porosity.
5973 . 5 FOSSILIFEROUS WACKESTONE, tan, brachiopods, algal filaments,
skeletal debris, intraclasts, vertical fractures, 8-13% microvuggy, intergranular, and intraparticle porosity.
5977 . 0 INTRACLASTIC PACKSTONE, gray, intraclasts, corals, few brachiopods, skeletal debris, 9% microvuggy, intergranular, and
intraparticle porosity.
TS-85977 Intraclastic and fossiliferous packstone; intraclasts-30%,
fossils (green algae, calcispheres, ostracods , brachiopods,
forams)-15%, micrite-20%, calcite spar (equant crystals)-15%,
secondary anhydrite-4%. fine crystalline dolomite (matrix
selective)-1%, 15% micro-vuggy and intergranular porosity .
SHERWOOD ARGILLACEOUS MARKER
5978.0' WACKESTONE/MUDSTONE, gray-bluish gray, intraclasts, pisoids,
abundant microstylolites, calcite filled fenestrae, 2% intergranular porosity, very tight wackestone/mudstone.
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SCHULTZ 14-4
CENTURY OIL AND GAS, INC.
NWNW-14-163N-91W

IP: 457 BOPD, 751 MCFGPD, 18 BWPD
REPORTED CORE DEPTH: 5811-5855
ADJUSTED CORE DEPTH: 5827-5871

BLUELL BEDS
5827.0 DOLOMITIC-OOLITIC/PISOLITIC PACKSTONE, light brown to light
gray ooids and pisoids, ostracods, brachiopods?, mottled,
stylolitic {type 1, suture, medium amplitude), laminated {algal
laminae?), crystallotopic anhydrite, vertical and horizontal
fractures, anhydrite and calcite filled fenestrae, large
siliceous nodule@ 5827.5, 2% intergranular porosity.
TS-C5827 Contact between an intraclastic and oolitic wackestone and
dolomudstone; intraclasts-20%, ooids {recrystallized to microspar)-5%, quartz grains-1%, micrite-20%, calcite spar {equant
crystals)-30%, insoluble material (clays)-15%, very fine
crystalline dolomite-8%, secondary anhydrite-trace, stylolitic,
no visible porosity {0%).
TS-C5827.5 Silicified intraclastic packstone; intraclasts-50%. grapestones-5%, pisoids-5%, micrite-15%, calcite spar (equant
crystals)-20%, secondary anhydrite-trace, allochems have been
totally replaced by silica and the calcite spar has been
partially replaced, 2% intergranular porosity.
5830.0 MUDSTONE/WACKESTONE, light gray, ostracods, possible intraclasts
(psuedoclasts), calcite and anhydrite filled fenestrae, stylolitic {type 1, suture, medium amplitude), 2% intergranular
porosity, stylolite swarm 5831.0
TS-C5831 Grapestone and peloidal wackestone; grapestones-35%, peloids25%, intraclasts-trace, quartz grains-1%, micrite-25%, calcite
spar {equant crystals)-15%, no visible porosity (0%).
5834.0 INTRACLASTIC/OOLITIC WACKESTONE/PACKSTONE, light gray, creamy
white, intraclasts, ooids, few ostracods, calcite and anhydrite
filled fenestrae, microstylolitic, vertical fractures healed
with anhydrite, 2% intergranular and vuggy porosity, siliceous
zone@ 5834.5.
5836.0 MUDSTONE, light gray-dark gray, ostracods, abundant anhydrite
fenestrae, vertically fractured, stylolitic {type 1, suture,
medium and high amplitude), slightly mottled, microstylolite
swarm@ 5838.0, 2% intergranular porosity, siliceous zone at
5838.5.
TS-C5837.4 Green algal mudstone; fossils (green algae, calcispheres,
ostracods)-8%, quartz grains-2%, micrite-80%, secondary anhydrite
and celestite-5%, calcite spar-trace, fine crystalline dolomite
(matrix selective)-2%. pyrite-2%, 1% intergranular porosity.
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TS-C5838.2 Intraclastic and fossiliferous wackestone; intraclasts30%, fossils (ostracods, green algae, calcispheres, echinoderms)-15%, quartz grains-3%, micrite-30%, calcite spar (equant
crystals)-3%, microspar-10%, fine crystalline dolomite (matrix
selective)-4$, insoluble material (clays)-5%, stylolitic, no
visible porosity (0%) .
5839.0 WACKESTONE, gray, intraclasts, ostracods, algal filaments,
skeletal debris, microstylolitic, calcite filled fenestrae,
2-3% intergranular porosity, inclusions within fenestrae.
5841 . 0 MOTTLED FOSSILIFEROUS MUDSTONE, gray, ostracods, brachiopods,
algal filaments, calcispheres, gastropods, few intraclasts.
mottled, calcite filled fenestrae, 3% intergranular porosity,
bioturbated, sharp contact between mottling and underlying zone .
TS-C5841 Intraclastic wackestone; intraclasts-15%. fossils (ostracods,
green algae, calcispheres, brachiopods, gastropods)-5%, quartz
grains-trace, micrite-75%. calcite spar (equant crystals)-3%,
2% intergranular porosity.
5842.5 OOLITIC/INTRACLASTIC, WACKESTONE/PACKSTONE, dark gray, ooids,
intraclasts, few ostracods, anhydrite and calcite filled
fenestrae, vertically fractured, 3-4% intergranular porosity.
TS-C5842.5 Intraclastic, green algal packstone; intraclasts-20%,
fossils (green algae, calcispheres, ostracods, brachiopods,
forams)-15%, ooids (with micritic laminae)-5%, peloids-2%,
micrite-55%, calcite spar (equant crystals)-3%, microspar-5%,
fine crystalline dolomite (matrix selective)-5%, slide displays
an erosional surface, no visible porosity (0%).
5843.0 MOTTLED DOLOMITIC MUDSTONE, light gray, dolomite crystals and
quartz grains show relief when etched, 16% intercrystalline
porosity.
TS-C5843.5 Dolomitic mudstone; quartz grains-5%, dolomite grains-5%,
micrite-50%, anhydrite- and celestite-replaced gypsum pseudomorphs-25%, fine crystalline dolomite (matrix selective)
(microcrystalline)-10%, insoluble material (clays)-3%, contains
several celestite rosettes, stylolitic at base of slide, 1-2%
intercrystalline and fracture porosity.
5844.0 WACKESTONE with interbedded packstones, gray to light gray,
pisoids and ooids, grapestones, vertically fractured, calcite
and anhydrite filled fenestrae, stylolitic (type 1, suture and
type 2), 1-2% intergranular porosity, stylolites are frequent
at contacts above and below the packstone zones, numerous coated
grapestones.
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5847.0 PISOLITIC/OOLITIC PACKSTONE, brown, pisoids and ooids, grapestones, rip-up clasts, vertical and horizontal fractures healed
with calcite, abundant calcite filled fenestrae with a few large
anhydrite filled fenestrae, stylolitic (type 1, suture, medium
amplitude), cemented surface@ 5851.0 , 3% vuggy, microvuggy,
and intergranular porosity, vugs completely lined with dogtooth
calcite, size of coated grains decrease upward (graded bedding}.
TS-C5847.5 Peloidal and oolitic packstone ; peloids-25%, superfical
ooids (with micritic laminae)-10%, intraclasts-4%, fossils
(calcispheres and ostracods)-1% , micrite-30%, calcite spar
(equant crystals)-20% , secondary anhydrite-8%, slightly styloli tic (suture, low amp.} , 2% fracture and micro-vuggy porosity .
5851 . 8 OOLITIC/PISOLITIC PACKSTONE/WACKESTONE, brown-light brown, ooids
and pisoids, abundant calcispheres, ostracods, calcite and
anhydrite filled fenestrae, vertical fractures healed with
calcite, stylolitic (type 1 and 2), thin mudstones@ 5851.8,
soft sediment deformation feature@ 5852.0, 4-5% vuggy/microvuggy, and intergranular porosity, vertical fractures cut across
calcite filled fenestrae but don't cut across anhydrite filled
fenestrae .
5854.0 INTERBEDDED WACKESTONE/PACKSTONE, light brown, gastropods, ostracods, calcispheres, trilobite fragments?, intraclasts, ooids,
pellets, abundant calcite filled fenestrae , vertical fractures,
slightly stylolitic (type 1, suture, high amplitude), 3% intergranular porosity.
5857 . 0 SLIGHTLY FOSSILIFEROUS WACKESTONE/INTRACLASTIC-OOLITIC / PISOLITIC
PACKSTONE, light brown, ostracods, gastropods, intraclasts,
ooids, pisoids, rip-up clasts, grapestones, coral fragments ,
vertical and horizontal fractures healed with calcite, calcite
filled fenestrae, thin mudstone overlying cemented surface @
5857.0, 4-6% intergranular and vuggy porosity, vugs are completely lined with dogtooth calcite .
TS-C5858.5 Intraclastic and fossiliferous wackestone ; intraclasts35%, fossils (gastropods, ostracods, blue-green algae-Ortonella,
calcispheres, green algae, forams, brachiopods)-13%, micrite15%, calcite spar (fibrous, bladed, and equant)-35 %, 1-2%
fracture porosity .
5859.0 FOSSILIFEROUS WACKESTONE, light brown, ostracods, gastropods,
brachiopods, algal filaments, calcispheres, skeletal debris,
intraclasts, few ooids and pisoids, vertical fractures healed
with calcite, calcite filled fenestrae, 6% intergranular
porosity, occasional large vugs completely lined with dogtooth
calcite, more than one generation of cement is recognized
within occluded vugs.

183
5863 . 0 WELL PACKED-STYLOLITIC OOLITIC/PISOLITIC PACKSTONE, gray, ooids
and pisoids, intraclasts, rip-up clasts, grapestones, stylolitic
(type 1, suture, low amplitude, and type 2), laminated@ 5867.5,
anhydrite inclusion within partially calcite filled fenestrae,
2% intergranular porosity, large anhydrite filled fenestrae
at 5867.0.
TS-C5865.7 Oolitic grainstone; ooids (with fibrous laminae)-75%,
pisoids-3%, intraclasts-2%, calcite spar-4%, secondary anhydrite6%, 10% intergranular and fracture porosity.
TS-C5867 Contact between and intraclastic and peloidal wackestone
and a recrystallized oolitic wackestone; intraclasts-25%,
peloids-20%. fossils (blue-green algae-Ortonella, green algae,
corals, brachiopods, gastropods), micrite-20%, calcite spar
(fibrous and equant)-4%, microspar- 10%, 1-2% intergranular
and vuggy porosity .
5868.0 SLIGHTLY FOSSILIFEROUS WACKESTONE, light brown, calcispheres,
recrystallized brachiopods, coral fragments, intraclasts,
pisoids, vertical fractures healed with calcite, calcite and
anhydrite filled fenestrae, stylolitic (type 1, suture and
seismograph, low and medium amplitude), 7-12% vuggy / microvuggy
and intergranular porosity, bioturbated, well developed packstone
zone@ 5868.5
TS-C5868 Green algal and intraclastic packstone; fossils (calcispheres,
brachiopods, ostracods, forams)-35%, micrite-28%, calcite spar
(equant crystals)-25%, 2-3% intergranular and vuggy porosity.
ABEL-USA 111
MONSANTO OIL COMPANY
SENW-11-163N-91W

IP: DRY HOLE
REPORTED CORE DEPTH: 5821-5955
ADJUSTED CORE DEPTH : 57 80-5864

STATE "A"MARKER
5815.0 DOLOMUDSTONE, brown, algal laminations, slightl y patterned,
25% intercrystalline porosity, well preser ved algal laminae
at 5816.0, visible oil staining throughout zone.
TS-05816 Dolomudstone ; very fine crystalline dolomite (fine grained,
5-20 microns)-40%. quartz grains (20 microns)-10%, pyrite-3%,
micrite-25%, secondary anhydrite-trace, dark organic material4$, 18% intercrystalline porosity.
5817.0 DOLOMUDSTONE , creamy tan , pyrite replaced algal laminae, 24%
intercrystalline porosity, soft, friable, stylolite swarm @
5816.6, sharp erosional? contact @ 5818.7 .
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TS-D5819 Oncolitic wackestone; oncoids-20%, fossils (calcispheres,
ostracods)-1%, micrite-705, calcite spar (equant crystals)-10%,
secondary anhydrite-trace, very fine crystalline dolomitetrace, 1-2% fracture porosity.
BLUELL BEDS
5818.8 MUDSTONE/WACKESTONE, brown, horizontally flattened oncords,
possible algal laminations, anhydrite filled vertical fractures,
calcite filled fenestrae, crystallotopic anhydrite, 2-3% intergranular porosity, erosional contact with a thin stylolite seam
and siliceous material@ top of zone.
5819.7 INTRACLASTIC WACKESTONE, grayish brown to grayish blue, intraclasts, ooids, flattened oncoids, ostracods, anhydrite and
calcite filled fenestrae, vertical fractures filled with
anhydrite, microstylolitic, 3% intergranular porosity, interbedded with an intraclastic packstone@ the base of zone.
5822.5 STYLOLITIC MUDSTONE, bluish gray, abundant zones of microstylolitic swarms, slightly patterned, 4% intergranular porosity.
5823.4 INTERBEDDED WACKESTONE/PACKSTONE, brownish gray, intraclasts,
peloids, pisoids, and grapestones, calcite filled fenestrae,
3% intergranular porosity, sharp distinctive contacts between
wackestones and packstones.
5824.4 MUDSTONE/WACKESTONE, tan, intraclasts, ostracods, gastropods,
coral fragments, few dark bluish gray laminations (possible
microstylolites}, 4% intergranular porosity.
5828.0 PATTERNED DOLOMITIC MUDSTONE, gray to bluish gray, ostracods,
anhydrite and calcite filled fenestrae, anhydrite filled vertical
fractures, stylolitic (type 1, suture, low and medium amplitude)
microstylolite swarms (3-4 mm thick), 3% intergranular porosity,
slightly patterned at 5828.4 and 5830, fenestrae abundant@
5831.
5833.0 PISOLITIC PACKSTONE, gray-bluish gray, pisoids and ooids,
large rip-up clasts, slightly stylolitic, (type 1 and 2 of varying
amplitudes), calcite filled vertical fractures, abundant
calcite filled fenestrae, 2-3% intergranular porosity, graded
bedding from 5833 to 5835.
5835.7 INTRACLASTIC, SLIGHTLY FOSSILIFEROUS PACKSTONE, intraclasts,
ooids and pisoids, gastropods, brachiopods, coral fragments,
calcite filled vertical fractures, abundant calcite filled
fenestrae, intergranular, 4-6% vuggy porosity, siliceous zone
at 5835.7, 1-2mm thick dolomitic mudstones@ 5836.4, laminae
at 5836.5.
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TS-D5837.5 Slightly oolitic wackestone; ooids (with micritic laminae)8%, intraclasts-5%, fossils (calcispheres, ostracods, green
algae)-5%, peloids-3%, grapestones-trace, quartz grains-trace,
micrite-48%, calcite spar (fibrous, bladed, and equant)-30%,
0-1% intergranular porosity.
5838.0 INTERBEDDED FOSSILIFEROUS PACKSTONE/WACKESTONE, light brown,
peloids, gastropods, calcispheres ,brachiopods, mollusc fragments, slightly stylolitic, abundant calcite filled fenestrae
along with some anhydrite filled fenestrae, calcite filled
vertical fractures, 6% intergranular porosity, large anhydrite
nodule@ 5840.
TS-05838 Fossiliferous packstone; fossils (gastropods, ostracods,
calcispheres, forams, blue-green algae-Ortonella, bryozoans,
brachiopods)-30%, intraclasts-10%, peloids-8%, ooids {with
fibrous laminae)-5%, micrite-20%, calcite spar {fibrous,
bladed, and equant)-35%, slightly stylolitic, 0-1% intergranular
porosity.
5841.0 FOSSILIFEROUS PACKSTONE, dark brown, gastropods, brachiopods,
ostracods, corals, intraclasts, peloids, broken pisoids, stylolites (type 1, suture, medium amplitude), 2-3% intergranular
porosity.
TS-05842 Algal wackestone; fossils (blue-green algae-Ortonella,
calcispheres, gastropods, brachiopods, ostracods, forams,
bryozoans)-25%, intraclasts-5%, peloids-7%, ooids {with micritic
laminae)-3%, micrite-40%, calcite spar (fibrous, bladed, and
equant)-20%, 0-1% fracture porosity.
5843.0 PELOIDAL WACKESTONE, gray, peloids, intraclasts, ostracods,
brachiopods, corals, calcite filled vertical fractures, 6%
microvuggy and intergranular porosity, coral fragments act
as nuclei for coated grains.
5845.0 FOSSILIFEROUS WACKESTONE, gray-light brown, ostracods, brachiopods, peloids, microstylolitic, 4% microvuggy porosity, stylolite
swarm@ 5845 and is correlational to gamma-ray response @
5845 on electric log.
5847.0 FOSSILIFEROUS WACKESTONE/PACKSTONE, light gray, ostracods,
brachiopods, coral fragments, peloids, intraclasts and grapestones, slightly stylolitic (types 1 and 2, suture, medium
amplitude), 7-8% microvuggy porosity .
5850.0 PISOLITIC PACKSTONE, light brown to brown, pisoids and ooids,
intraclasts/ peloids, brachiopods, gastropods, ostracods, calcite
and anhydrite filled fenestrae, few thin interbeds of mud, 4%
microvuggy and vuggy porosity.
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5853.0 INTERBEDDED INTRACLASTIC WACKESTONE/PACKSTONE, brown/dark
tan, intraclasts, peloids, ostracods, brachiopods, gastropods,
calcispheres, coral fragments, black calcite filled fenestrae,
calcite filled vertical fractures, few stylolites (type 1,
suture, medium amplitude)@ 5855, 7-8% intergranular and fracture
porosity, calcite filled shelter porosity?
TS-05855 Green algal wackestone; fossils (green algae, calcispheres,
ostracods)-15%, intraclasts-3%, micrite-60%, calcite spar
(fibrous, bladed, and equant)-20%, celestite-trace, 1-2%
intergranular porosity.
TS-05856 Slightly green algal wackestone and mudstone; fossils (green
algae, calcispheres, ostracods, forams)-70%, calcite spar
(fibrous, bladed, and equant)-25%, secondary anhydrite-trace,
3% fracture porosity.
5857.7 PISOLITIC/INTRACLASTIC PACKSTONE, grayish brown, intraclasts,
pisoids and ooids, few grapestones, gastropods, brachiopods,
calcispheres, calcite filled fenestrae, calcite and anhydrite
filled horizontal fractures, 7-8% intergranular and fracture
porosity, zones where (micrite) has been replaced with neomorphic
spar.
TS-05859 Intraclastic packstone and wackestone; intraclasts-50%,
ooids (with micritic laminae)-5%, fossils (calcispheres,
ostracods, green algae, gastropods)-2%, micrite-10%, calcite
spar (fibrous and equant)-20%, secondary anhydrite-15%, 2-3%
fracture porosity.
SHERWOOD MARKER
5860.0 INTRACLASTIC/PISOLITIC WACKESTONE, gray, intraclasts, pisoids,
peloids, coral fragments, calcite filled fenestrae, anhydrite
filled horizontal fractures, 1-2% porosity, gradational contact,
stylolitization decreases upward.
TS-05861 Oolitic packstone; superfical ooids (with micritic laminae)49%, fossils (ostracods, green algae, calcispheres, brachiopods)-1%, quartz grains-8%, micrite-25%, calcite spar (equant
crystals)-6%, microspar-9%, celestite-2%, slightly stylolitic,
no visible porosity (0%).
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GALVIN //2
MONSANTO OIL COMPANY
NWNW-12-163N-91W

IP: 595 BOPD. 1240 GOR
REPORTED CORE DEPTH: 5776-5860
ADJUSTED CORE DEPTH: 5780-5864

STATE "A" MARKER
5780.0 DOLOMUDSTONE, light gray to tanish brown , mottled, anhydrite
crystals suspended in matrix, possible organic material (algal
laminae?) replaced by pyrite (wavey and circular patterns),
slightly microstylolitic, 25-30% intercrystalline porosity ,
slightly oil stained.
TS-E5781 Dolomudstone; quartz grains-4% , peloids-1%, very fine crystalline dolomite-60%, anhydrite replaced gypsum pseudomorphs (lath
shaped)-15%, 20% intercrystalline porosity .
TS-E5782 Dolomudstone; quartz grains-10%, very fine crystalline
dolomite-60%, anhydrite replaced gypsum pseudomorphs-8%, pyrite5%, calcite spar (equant crystals)-2%, 15% intercrystalline
porosity.
BLUELL BEDS
5784 . 0 PACKSTONE/WACKESTONE, brown/light brown, pisoids and ooids,
algal filaments, intraclasts, grapestones, abundant anh ydrite
filled fenestrae, slightly stylolitic (type 1, suture, low
amplitude) and microstylolitic, large vertical and horizontal
fractures healed with anhydrite, 3-4% intergranular porosity,
dolomitized rip-up clast@ 5784, cemented surface @ 5787 .
TS-E5787 Oncolitic and green algal wackestone; oncoids-18%, fossils
(green algae, calcispheres, ostracods)-15 %, peloids-8%, quartz
grains-2%, micrite-35%, calcite spar (fibrous, bladed, and
equant)-5%, microspar-8%, pseudospar-2%, secondary anhydrite
(occluding fractures)-3%, 4% intergranular porosity .
TS-E5788 Oncolitic and peloidal wackestone; oncoids-25%, peloids15%, fossils (green algae, ostracods)-3%, micrite-40%, calcite
spar (equant crystals)-8%, fine crystalline dolomite (matri x
selective)-1%, secondary anhydrite and celestite-5%, pyrite2%, 1-2% intergranular porosity.
5789.0 WACKESTONE / PACKSTONE, gray to brown/light brown, intraclasts ,
few ooids and pisoids, mottled @ 5789 . 0, anhydrite filled
fenestrae , microstylolitic, 1-2% intergranular porosity, mottled
zone lies between two microstylolitic swarms.
5790 . 0 FOSSILIFEROUS WACKESTONE/PACKSTONE, light brown / tan, ostracods,
brachiopods, gastropods, intraclasts, abundant anhydrite filled
fenestrae with some calcite filled fenestrae, microstylolitic,
mottled, 6-7% microvuggy porosity, gastropods abundant @ 5791.3 ,
best porosity is within the unburrowed portions .
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TS-E5790 Oncolitic and peloidal wackestone and packstone; oncoids30%, peloids-10%, fossils (ostracods, calcispheres}-trace,
micrite-35%, calcite spar (equant crystals)-20%, secondary
anhydrite-2%, 3% fracture and intergranular porosity.
TS-E5790.9 Slightly pisolitic wackestone; pisoids (with fibrous
laminae)-10%, ooids (with fibrous laminae)-2%, fossils (calcispheres, green algae}-trace, quartz grains-2%, micrite-80%,
calcite spar {equant crystals)-3%, fine crystalline dolomite
{matrix selective)-2%, pyrite-3%, secondary anhydrite-trace,
4% intergranular porosity.
TS-E5792 Slightly fossiliferous wackestone; fossils (ostracods,
green algae, calcispheres, brachiopods)-12%, peloids-5%,
ooids-1%, quartz grains-trace, micrite-60%, calcite spar
(equant crystals)-10%, secondary anhydrite-3%, fine crystalline
dolomite {matrix selective}-trace, pyrite-1%, microstylolitic,
6-7% intergranular porosity.
5794.0 SLIGHTLY FOSSILIFEROUS MUDSTONE, light gray to gray, ostracods,
brachiopods, skeletal debris, vertical fractures healed with
calcite, 1-2% intergranular porosity.
TS-E5794 Fossiliferous wackestone; fossils (ostracods, green algae,
skeletal debris)-35%, intraclasts-4%, quartz grains-3%, micrite50%, secondary anhydrite-2%, fine crystalline dolomite (matrix
selective)-4%, pyrite-1%, no visible porosity (0%}.
5795.0 MUDSTONE, gray, intraclasts, brachiopods, ostracods, coral
fragments, abundant anhydrite and calcite filled fenestrae,
slightly mottled, stylolitic (type 1, suture, medium amplitude}
and microstylolitic, 1% intergranular porosity, cemented
surface@ 5798.8.
TS-E5795 Green algal wackestone; fossils (green algae, calcispheres,
brachiopods, ostracods, forams)-18%, ooids-2%. quartz grains1%, micrite-60%, calcite spar (equant crystals)-10%, fine
crystalline dolomite (matrix selective)-2%, secondary anhydrite5%, pyrite-2%, stylolitic (suture, low amp.}, no visible
porosity {0%}.
5799.0 PATTERNED DOLOMUDSTONE, gray to dark gray, intraclasts, 17%
intercrystalline porosity, patterned zone lies between microstylolitic swarms@ 5799 and 5800 respectively.
TS-E5799 Peloidal wackestone; peloids-15%, intraclasts-5%, ooids
{with micritic laminae)-5%. fossils {calcispheres, green algae,
ostracods)-2%, micrite-48%, calcite spar {equant crystals)-15%,
secondary anhydrite-5%, fine crystalline dolomite (matrix
selective}-trace, pyrite-1%, 2-3% intergranular and fracture
porosity.

189
TS-£5799.3 Stylolitic, dolomitic mudstone; quartz grains-10%, intraclasts-2%, micrite-55%, fine crystalline dolomite (matrix
selective)-20%, anhydrite replaced gypsum pseudomorphs-trace,
microstylolitic, 13% intercrystalline porosity.
5800.0 PACKSTONE/WACKESTONE, gray to light brown, intraclasts, acids
and pisoids, grapestones, brachiopods, fenestrae, reverse
grading@ 5801.9, anhydrite and calcite filled fenestrae,
vertical and horizontal fractures, 1-2% intergranular and
vuggy porosity, cemented surface@ 5800.8.
TS-£5802 Peloidal and oolitic wackestone; peloids-30%, acids (with
micritic laminae)-25%, quartz grains-25, micrite-20%, calcite
spar (equant crystals)-15%, secondary anhydrite-2%, fine
crystalline dolomite (matrix selective)-4%, pyrite-1%, slightly
stylolitic (suture, low amp.), 1-2% intergranular porosity.
5804.0 WACKESTONE, light brown, ostracods, brachiopods, gastropods,
brachiopods, skeletal debris, intraclasts, pisoids and acids,
microstylolitic, vertical and horizontal fractures healed with
anhydrite, 3-4% intergranular porosity, calcite preserved trace
fossil (worm tube?).
TS-E5804.3 Green algal wackestone; fossils (green algae, calcispheres,
ostracods, blue-green algae-Ortonella)-30%, ooids-1%, pisoids1%, micrite-45%, calcite spar (bladed and equant)-5%, microspar3%, pseudospar-10%, secondary anhydrite-trace, fine crystalline
dolomite (matrix selective}-trace, pyrite-trace, 2% intergranular
porosity.
TS-E5804.6 Fossiliferous wackestone; fossils (green algae, calcispheres,
gastropods, ostracods, blue-green algae-Ortonella, brachiopods)40%, ooids-trace, micrite-35%, pseudospar-20%, secondary
anhydrite-4%, fine crystalline dolomite (matrix selective)trace, 1% intergranular porosity.
5805.0 FOSSILIFEROUS WACKESTONE, light brown, algal filaments,
ostracods, brachiopods, skeletal debris, intraclasts, anhydrite
filled fenestrae, 2-4% intergranular porosity.
5806.0 MOTTLED FOSSILIFEROUS WACKESTONE/PACKSTONE, gray to light
gray, algal filaments, ostracods, brachiopods, slightly
stylolitic (type 1, suture, high amplitude), mottled, 2-3%
intergranular porosity .
TS-E5806 Green algal wackestone; fossils (green algae, calcispheres,
forams ostracods, brachiopods, gastropods)-15%, ooids (with
micritic laminae)-8%, grapestones-3%, quartz grains-2%, pisoidstrace, micrite-40%, pseudospar-12%, secondary anhydrite-4%,
fine crystalline dolomite (matrix selective}-trace, 6% vuggy
and intergranular porosity.
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TS-E5806.7 Oncolitic and green algal wackestone; oncoids-30%, fossils
(green algae, ostracods, forams, gastropods, bryozoans)-20%,
ooids (with fibrous laminae)-trace, quartz grains-trace,
micrite-40%, fine crystalline dolomite (matrix selective)-5%,
3% intergranular and intercrystalline porosity.
5808.0 FOSSILIFEROUS/INTRACLASTIC PACKSTONE, brown to dark gray,
gastropods, brachiopods, ostracods, skeletal debris, intraclasts,
microstylolitic, 4-5% intergranular and microvuggy porosity.
5810.0 FOSSILIFEROUS/INTRACLASTIC PACKSTONE/WACKESTONE, gray to light
brown, algal filaments, brachiopods, ostracods, gastropods,
coral fragments, skeletal debris, intraclasts, vertical
fractures healed with anhydrite, 4-6% intergranular and
microvuggy porosity, large stylolite (type 1, suture)@ 5810.5,
slightly mottled@ 5813.2, grades with depth from a wackestone
to a packstone.
TS-E5810 Green algal wackestone; fossils (green algae, brachiopods,
ostracods, forams, calcispheres, corals)-32%, oncoids-4%, ooids
(with fibrous laminae)-1%, micrite-45%. pseudospar-8%, celestite2%, fine crystalline dolomite (matrix selective)-1%, 7-8%
micro-vuggy porosity.
TS-E5810.5 Oolitic and fossiliferous wackestone; ooids (with fibrous
laminae)-25%, fossils (skeletal debris, green algae, ostracods,
brachiopods, bryozoans)-15%, intraclasts-4%, micrite-45%,
pseudospar-4%, microspar-1%, fine crystalline dolomite (matrix
selective)-trace, 3-4% intergranular porosity.
5816.0 FOSSILIFEROUS WACKESTONE/PACKSTONE, light brown, brachiopods,
ostracods, skeletal debris, intraclasts, slightly stylolitic
(type 1, suture, high amplitude), 7-10% microvuggy and intergranular porosity.
5818.0 FOSSILIFEROUS WACKESTONE, light brown, brachiopods, ostracods,
skeletal debris, intraclasts, 11% microvuggy/moldic and
intergranular porosity.
TS-E5818 Fossiliferous wackestone; fossils (skeletal debris, green
algae, ostracods, brachiopods, calcispheres, forams)-43%, ooidstrace, intraclasts-trace, micrite-50% , fine crystalline dolomite
(matrix selective)-trace, 6-7& micro-vuggy intergranular
porosity.
5819.0 FOSSILIFEROUS PACKSTONE/WACKESTONE, light brown, brachiopods,
rugose corals, echinoderm plates, crinoid columnals, trilobites?,
large intraclasts, ooids, 15-18% microvuggy and intergranular
porosity, porosity is well distributed throughout the zone,
grades with depth from a wackestone to a packstone.
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TS-E5822 Fossiliferous packstone; fossils (echinoderms, ostracods,
forams, corals, brachiopods, green algae, bryozoans, gastropods)30%, ooids (with fibrous laminae)-7%, peloids-10%, micrite-30%,
calcite spar (syntaxial overgrowths)-8%, secondary anhydrite2%. 13% intergranular porosity and micro-vuggy porosity.
5824.0 FOSSILIFEROUS PACKSTONE, light brown, echinoderm plates,
ostracods, brachiopods, forams, crinoid columnals, trilobites?,
peloids, intraclasts, 11-17% microvuggy and intergranular
porosity, porosity decreases with depth, large intraclast
(>15mm)@ 5825.0.
TS-E5825 Fossiliferous wackestone; fossils (echinoderms, ostracods,
green algae, skeletal debris, forams, calcispheres, bryozoans)30%, peloids-8%, intraclasts-5%, grapestones-trace, micrite40%, calcite-spar-10%, fine crystalline dolomite (matrix
selective)-trace, 10% intergranular porosity.
5828.0 FOSSILIFEROUS PACKSTONE, light brown, algal fragments, echinoderms, crinoid columnals, ostracods, brachiopods, rugose corals,
intraclasts, 5% intergranular porosity, shelter porosity@
5828.5, large stylolite (type 1, suture)@ 5823.5.
TS-E5828 Fossiliferous packstone; fossils (green algae, forams
ostracods, echinoderms, skeletal debris, brachiopods)-45%,
peloids-3%, quartz grains-trace, micrite-40%, calcite spar
(syntaxial overgrowths)-5%, secondary anhydrite-2%, fine
crystalline dolomite (matrix selective)-2%, 5% micro-vuggy
porosity.
SHERWOOD ARGILLACEOUS MARKER
5829.0 STYLOLITIC INTRACLASTIC PACKSTONE, gray to dark gray, intraclasts, stylolites (type 1, suture, medium and high amplitude
and type 2), 2% intergranular porosity.
TS-E5830 Stylolitic and fossiliferous packstone; fossils (green
algae, brachiopods, echinoderms, ostracods, forams, bryozoans)40%, peloids-10%, ooids (with fibrous laminae)-4%, quartz
grains-trace, micrite-30%, calcite spar (equant crystals)10%, fine crystalline dolomite (matrix selective) (concentrated
along stylolite seams)-4%, secondary anhydrite-1%, 2% fracture
porosity.
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STANNARD 112
MONSANTO OIL COMPANY
NWSW-1-163N-91W

IP: DRY HOLE
REPORTED CORE DEPTH: 5780-5886
ADJUSTED CORE DEPTH: 5789-5895

STATE "A" MARKER BED
5789.0 DOLOMUDSTONE, light gray to brownish gray, laminated, possible
pyritization of organic material (algal mat), patterned,
anhydrite nodules@ 5791, anhydrite crystals within matrix,
19-24% intercrystalline porosity.
TS-F5791 Anhydritic dolomudstone; quartz grains-5%, very fine
crystalline dolomite-55%, displacive anhydrite (gypsum laths)25%, pyrite-3%, 13% intercrystalline and fracture porosity.
BLUELL BEDS
5796.0 MUDSTONE/WACKESTONE, light brown to gray, few ostracods and
skeletal debris, few intraclasts, laminated@ 5796.0, anhydrite
filled fenestrae, slightly stylolitic (types 1 and 2), 25-7%
intercrystalline/intergranular porosity, pyrite found along
stylolites.
5799.0 MUDSTONE, light gray, skeletal debris, abundant crystallotopic
anhydrite@ 5800, slightly stylolitic (type 1, suture, medium
to high amplitude), 5% intergranular porosity.
5802.0 INTERBEDDED INTRACLASTIC PACKSTONE/GRAINSTONE, gray, intraclasts,
peloids, ostracods, skeletal debris, calcite filled fenestrae,
abundant microstylolites, 1-2% intergranular porosity, well
developed microstylolite swarm@ 5804.0.
5805.0 MUDSTONE, gray, few ostracods, mottled, calcite filled fenestrae,
abundant microstylolites, vertical fractures healed with
calcite, 1% intergranular porosity, zone lies between two
microstylolite swarms.
5805.8 DOLOMUDSTONE, light gray to gray, possible algal laminae,
patterned@ 5807.6, 11% intercrystalline porosity, etching
displays quartz and dolomite crystal within the matrix.
TS-F5806 Dolomitic quartz wackestone; quartz grains-20%, peloids-4%,
fine crystalline dolomite (matrix selective)-30%, micrite-40%,
pyrite-2%, celestite-2%, 1% intercrystalline porosity.
5808.0 FENESTRAL MUDSTONE, gray, ostracods, brachiopods, gastropods,
coral fragments, abundant calcite filled fenestrae, stylolitic
(many type 2 and a few type 1, suture, high amplitude), vertical
fractures healed with calcite, pyrite with matrix and along
stylolite seams, 1-2% intergranular porosity, the abundance
of fossils decreases upward.
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5810 . 5 FOSSILIFEROUS MUDSTONE/WACKESTONE, gray to brown/dark brown,
algal filaments, ostracods, gastropods, calcispheres, brachiopods, coral fragments, peloids, intraclasts, stylolitic (many
type 2 and a few type 1), vertical fractures healed with calcite,
1-2% intergranular porosity .
5820.0 FOSSILIFEROUS MUDSTONE, dark gray, algal filaments, echinoderm
fragments, calcispheres, skeletal debris, intraclasts, very
microstylolitic, vertical fractures healed with calcite, 6-8%
intergranular porosity, the abundant stylolitization causes
a distinguishable gamma-ray response on borehole logs .
TS-F5820 Fossiliferous wackestone; fossils (skeletal debris,
echinoderms, forams, green algae, ostracods, bryozoans, corals)70%, peloids-5%, intraclasts-trace, micrite-20%, pseudospartrace, fine crystalline dolomite (matrix selective)-trace, 3%
micro-vuggy porosity .
5824.0 INTRACLASTIC WACKESTONE, gray/grayish blue, intraclasts, skeletal
debris, corals, ostracods, brachiopods, calcispheres, stylolitic
(abundant type 2 along with type 1, suture, medium amplitude),
vertical fractures healed with calcite, anhydrite distributed
along some stylolites, 2-3% intergranular porosity, fitted
fabric, matrix is composed of mud and fine grained skeletal
debris.
5826 . 0 INTRACLASTIC PACKSTONE, bluish gray, intraclasts, gastropods,
brachiopods, ostracods, skeletal debris, peloids, few ooids,
microstylolites, 2-3% intergranular porosity, matrix composed
of mud and fine grained skeletal debris.
5826.5 SKELETAL WACKESTONE, gray to dark gray, ostracods, algal
filaments, skeletal debris, intraclasts, peloids, microstylolitic
swarms, anhydrite nodules, few psuedoclasts, 7% intergranular
porosity .
SHERWOOD ARGILLACEOUS MARKER
5829 . 0 WACKESTONE, dark gray, intraclasts, rugose corals, skeletal
debris, stylolitic (type 1, suture, h i gh amplitude and type
2), slightly mottled, 3-4% intergranu l ar porosity.
5831.5 FOSSILIFEROUS/INTRACLASTIC PACKSTONE/ GRAINSTONE, gray , intraclasts, ostracods, echinoderm plates , forams. corals. coral
fragments, few microstylolites. 3% microvuggy and intergranular
porosity.
TS-F5833 Recrystallized fossiliferous and peloidal packstone; fossils
(forams, echinoderms, green algae. ostracods, green algae)-25%,
peloids-15%, intraclasts-5%. oncoids-5%, micrite-3%, calcite
spar (fibrous crystals)-4%. pseudospar -40%. pyrite-2%. 1%
intergranular porosity .
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5834 . 5 INTERBEDDED MUDSTONE/WACKESTONE, gray to grayish blue, rugose
corals, ostracods, gastropods, calcispheres, few intraclasts
and bioclasts, stylolitic (type 1, suture, medium amplitude
and type 2), horizontal and vertical fractures healed with
calcite, abundant calcite filled fenestrae, 5-7% microvuggy
and intergranular porosity, few vugs completely lined with
dogtooth calcite.
5836.0 WACKESTONE, grayish brown, many rugose corals, ostracods,
gastropods, few large intraclasts, anhydrite filled fenestrae,
large anhydrite nodules@ 5837.0, vertical fractures healed
with anhydrite, 8-10% microvuggy and intergranular porosity.
TS-F5836 Fossiliferous packstone; fossils (brachiopods, forams,
ostracods, green algae, echinoderms, calcispheres, gastropods,
bryozoans)-40%, peloids-10%, intraclasts-1%, micrite-20%, calcite
spar (fibrous and equant)-25%, secondary anhydrite-trace, 4%
intergranular and fracture porosity.
TS-F5838.6 Fossiliferous and peloidal packstone; fossils (green
algae, forams, ostracods, echinoderms, skeletal debris,
calcispheres)-30%, peloids-20%, micrite-15%, calcite spar
(equant crystals)-25%, secondary anhydrite-trace, 10% intergranular and micro-vuggy porosity.
OLSON 111
SOUTHERN UNION EXPL. COMPANY
SESW-26-163N-91W

IP: 5 BOPD. 0 BWPD
REPORTED CORE DEPTH: 5957-6018
ADJUSTED CORE DEPTH: 5957-6018

STATE "A" MARKER
5957.0 DOLOMUDSTONE, light brown/tan, stylolitic swarms, semicircular
and horizontal pyritized laminae, quartz silt grains within
25% intercrystalline porosity, possible stromatolite@ 5957.0.
BLUELL BEDS
5960.0 DOLOMITIC MUDSTONE, light brown, few ooids and oncoids,
intraclasts@ 5960.8, and dolomitic , pyritic, crystallotopic
crystals@ 5960. 8, 5% interganular and intercrystal line porosity .
5961.0 INTERBEDDED PACKSTONE/WACKESTONE, light gray to gray, ooids
and pisoids, intraclasts, calcite and anhydrite filled fenestrae,
stylolites (type 1)@ 5862, 3-5% intergranular porosity,
elongate shaped calcite filled fenestrae.
5965.0 MUDSTONE/WACKESTONE, gray, intraclasts, brachiopods?, dark
gray patterned zone@ 5965.5, very microstylolitic (fitted
fabric), calcite filled fenestrae@ 5967, 4% intergranular
porosity.
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5969.0 MUDSTONE. gray, few intraclasts, slightly stylolitic, few
horizontal fractures, 3% intergranular porosity, visible oil
staining@ 5970 .
5971 . 0 PATTERNED MUDSTONE/WACKESTONE, gray, psuedoclasts, zone bounded
below and above by microstylolitic swarms, 3% intercrystalline
and intergranular porosity.
5972.0 WACKESTONE, dark gray, ooids, intraclasts, stylolitic (few
type 1, suture, high amplitude, and abundant type 2), large
anhydrite fenestrae, 2% intergranular porosity.
5973.0 OOLITIC/PISOLITIC PACKSTONE, light brown, ooids and pisoids,
grapestones, intraclasts, numerous cemented surfaces, open
vertical fractures, anhydrite filled fenestrae, stylolitic
(type 1, suture and seismograph, low/high amplitude}, 10%
vuggy and intergranular porosity, vugs completely lined with
dogtooth calcite.
5978 . 0 OOLITIC/PISOLITIC PACKSTONE/WACKESTONE , brownish gray, ooids
and pisoids. intraclasts, brachiopods, calcispheres , calcite
and anhydrite filled fenestrae, vertical fractures healed
with calcite, stylolitic (type 1, suture, low and a few high
amplitude), 5% intergranular porosity.
5982.0 WACKESTONE, light brown, intraclasts, ooids, gastropods,
ostracods, calcispheres, brachiopods, abundant calcite and
anhydrite filled fenestrae, stylolitic (type 1, suture, high
amplitude}, 3-4% intergranular and microvuggy porosity, micrite
coated rip-up clast@ 5982.0.
5984.0 OOLITIC/PISOLITIC PACKSTONE , light brown, ooids and pisoids,
grapestones, intraclasts, calcite filled fenestrae, stylolitic
(type 1, suture, high amplitude), 5% intergranular and microvuggy
porosity, size selective interbeds (4-5cm thick) of ooids or
pisoids.
5988 . 0 OOLITIC/PISOLITIC PACKSTONE, light brown, ooids and pisoids,
grapestones, intraclasts, calcite filled fenestrae, stylolites
(type 1, suture and seismograph, low amplitude}, 6-16% vuggy
and oomoldic porosity, vugs completely lined with dogtooth
calcite, porosity decreases upward .
5993.0 INTERBEDDED OOLITIC/PISOLITIC PACKSTONE/WACKESTONE, brown, ooids
and pisoids, coated grapestones, rip-up clasts, slightly
stylolitic (type 1, suture, medium amplitude) microstylolitic,
laminated@ 5993.8 , 8% vuggy and intergranular porosity .
5994.0 INTERBEDDED OOLITIC/PISOLITIC PACKSTONE/WACKESTONE, light brown
to light gray, ooids and pisoids, grapestone, microstylolitic,
calcite and anhydrite filled fenestrae, 4% intergranular
porosity, 0.8cm thick white anhydrite zone @ 5994.4.
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SHERWOOD ARGILLACEOUS MARKER
5995.0 STYLOLITIC/FENESTRAL MUDSTONE, abundant calcite filled fenestrae,
abundant microstylolitic swarms, 2% intergranular porosity.
LOTTIE 112
MONSANTO OIL COMPANY
NWSW-13-163N-91W

IP: 43 BOPD. GOR 1538, GTY. 39
REPORTED CORE DEPTH: 5732-6073
ADJUSTED CORE DEPTH: 5732.5-6073.5

RIVAL BEDS
5807.0 ANHYDRITE, steel blue, laminated with thin layers of dolomitic
mud, occasional chicken wire texture, 1% intergranular porosity.
TS-H5808 Dolomudstone; quartz grains-2%, very fine crystalline dolomite65%, pyrite, anhydrite (felted, portion of nodule)-1% , calcite
spar (equant crystals)-1%, micrite-1%, 28% intercrystalline
porosity.

STATE "A" MARKER
5809.0 DOLOMUDSTONE, brown, soft (breaks easily), laminated from 5811
to 5809, anhydrite crystals suspended in matrix, 30% intercrystalline porosity, visible oil staining.
5815.0 DOLOMUDSTONE, creamy gray, patterned, pyritic, patterned texture
due to localized areas of pyrite, 24% intercrystalline porosity ,
stylolite swarm@ the base of zone
TS-H5815.7 Peloidal wackestone; peloids-30%, fossils (green algae,
blue-green algae-stromatolite)-trace, quartz grains-trace,
micrite-25%, calcite spar (fibrous, bladed, and equant)-35%,
very fine crystalline dolomite-5%, secondary anhydrite-4%, 12% intergranular porosity .
TS-H5815 . 8 Dolomitic, peloidal packstone and wackestone; peloids23%, fossils (blue-green algae-stromatolite)-3%, quartz grainstrace , micrite-15%, calcite spar (fibrous, bladed, equant)20%, very fine crystalline dolomite-30%, anhydrite replaced
gypsum pseudomorphs (lath shaped)-5%, slightly st ylolitic
(suture, low amp.), 2-3% intergranular and fracture porosit y .
BLUELL BEDS
5816.0 PISOLITIC WACKESTONE, grayish brown, pisoids, peloids, intraclasts, crystallotopic anhydrite , chert nodules, mudcracks ,
abundant calcite filled fenestrae along some anhydrite filled
fenestrae, vertical fractures , thin interbeds of dolomitic
mudstones, 3-4% intergranular and vuggy porosity , vugs completel y
lined with dogtooth calcite, sharp contact (erosional?) between
Bluell Beds and State "A" Marker .
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5820.0 STYLOLITIC WACKESTONE/MUDSTONE, gray, intraclasts, peloids,
stylolitic (type 1 and many type 2), 2% intergranular porosity,
thick (5cm} stylolite swarm@ 5821.5 characterized by strong
gamma-ray response.
5820.6 WACKESTONE, brownish gray, intraclasts, peloids, few pisoids,
abundant calcite filled fenestrae, vertical fractures filled
with calcite, slightly microstylolitic, slightly laminated
(algal?}, 3-4 intergranular and microvuggy porosity.
5824.0 PATTERNED MUDSTONE, gray to brown, patterned, 8cm thick
microstylolitic swarm, 2-3% intergranular porosity.
TS-H5824 Dolomitic mudstone; fossils (ostracods)-5%, intraclasts1%, quartz grains-trace, micrite-35%, calcite spar (equant
crystals)-trace, fine crystalline dolomite (matrix selective)50%, pyrite-5%, secondary anhydrite-trace, 4-5% intercrystalline
porosity.
5826.0 PACKSTONE, bluish gray to gray, intraclasts, peloids, calcite
and anhydrite filled fenestrae, stylolitic (type 2), 2%
intergranular porosity, many thin microstylolite swarms
throughout zone, visible oil staining, good example of a
wackestone mechanically compacted to packstone.
TS-H5826 Stylolitic, peloidal wackestone and packstone; peloids-15%,
quartz grains-trace, fossils (calcispheres)-trace, oncoids-trace,
micrite-70%, celestite-10%, saddle dolomite-trace, pyrite-trace,
microstylolitic, 3% intergranular porosity.
5827.0 SLIGHTLY FOSSILIFEROUS WACKESTONE, grayish brown to brown,
brachiopods, calcispheres, slightly mottled, vertical fractures
healed with anhydrite, 4% intergranular porosity.
TS-H5827 Fossiliferous wackestone; fossils (green algae, calcispheres,
ostracods, blue-green algae-Ortonella), peloids-2%, micrite75% , calcite spar (equant crystals)-5%, secondary anhydritetrace, 3-4% intergranular and micro-vuggy porosity.
5828.0 DENSE MUDSTONE, bluish gray, calcispheres, microstylolitic,
few calcite filled fenestrae, 2% intergranular porosity.
5829 . 0 DOLOMITIC WACKESTONE, light gray, intraclasts, allochem ghosts,
quartz grains and dolomite crystals suspended in matrix, 20%
intercrystalline porosity, zone is capped with a 3-4cm microstylolitic swarm, distinguishable zone recognized throughout
Flaxton Field.
5830.0 FENESTRAL WACKESTONE, brownish gray, intraclasts, peloids,
pisoids, few grapestones, vertical fractures healed with calcite ,
abundant calcite filled fenestrae, anhydrite filled fenestrae,
2% intergranular porosity, extremely tight.
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5832 . 0 PISOLITIC PACKSTONE, grayish brown, pisoids, ooids, intraclasts,
peloids, rip-up clasts, grapestones, interbedded with thin zones
of mud, vertical fractures healed with calcite, calcite and
anhydrite filled fenestrae, numerous cemented surfaces, slightly
stylolitic (type 1), 3-4% vuggy and intergranular porosity,
vugs partially lined with dogtooth calcite.
TS-H5837 Peloidal and pisolitic wackestone and packstone ; peloids25%, pisoids (with fibrous and micritic laminae)-20% , ooids (with
fibrous laminae)-10%, micrite-25%, calcite spar (fibrous, bladed ,
and equant)-12%. microspar-trace , secondary anhydrite-5% , pyritetrace, 3-4% intergranular porosity .
5840 . 0 FOSSILIFEROUS WACKESTONE, light brown, ostracods, brachiopods,
gastropods, calcispheres, intraclasts , ooids, pisoids, slightly
stylolitic {type 1, suture, low amplitude), abundant calcite
filled fenestrae, vertical fractures healed with calcite , 38% intergranular and vuggy porosity, vugs completely lined with
dogtooth calcite@ 5841.0, fauna abundance decreases upward,
thin pisolitic packstone/ grainstone @ 5840 . 7 .
TS-H5843 Fossiliferous and slightly intraclastic wackestone; fossils
(green algae, calcispheres, blue-green algae-Ortonella,
ostracods, skeletal debris, forams)-15%, intraclasts-10%,
peloids-5% , oncoids-trace, micrite-53%, calcite spar (fibrous
and equant)-15%, 2% intergranular and fracture porosity .
5846.0 PISOLITIC/OOLITIC PACKSTONE, grayish brown, pisoids, ooids,
intraclasts, peloids, calcispheres, brachiopods, gastropod
fragments, ostracods , grapestones , rip-up clasts, abundant
calcite filled fenestrae, vertical fractures / microfractures
healed with calcite or anhydrite , slightly stylolitic {t ype
1, suture. low and high amplitude), 2% intergranular porosity.
TS-H5848 . 7 Peloidal and pisolitic wackestone and packstone ; peloids25%, pisoids (with alternating fibrous and micritic laminae)15%, ooids (with alternating fibrous and micritic laminae)5% , micrite-20%, calcite spar-30% , secondary anhydrite-2 %. 23% intergranular, micro-vuggy and fracture porosity.
5849.5 INTRACLASTIC/SLIGHTLY FOSSILIFEROUS WACKESTONE, light brown ,
intraclasts, gastropods, brachiopods, calcispheres, pisoids,
slightly stylolitic (type 1, suture , l ow to high amplitude),
calcite filled fenestrae, vertical fractures healed with
calcite, large anhydrite filled fenestrae @ 5853 . 0, 11-14%
intergranular porosity, base of zone i s a fenestral intraclastic / pisolitic / oolitic packstone.
TS-H5854 Green algal wackestone ; fossils (calcispheres , green algae,
skeletal debris, ostracods)-20% , micrite-55%, calcite spar
(equant crystals)-5%, secondary anhydrite- 8%, 10-12 % vuggy
and micro-vuggy porosity.
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SHERWOOD MARKER
5857.0 STYLOLITIC INTRACLASTIC/PISOLITIC PACKSTONE, steel blue,
intraclasts, pisoids, ooids, very stylolitic (type 1, suture,
medium amplitude and abundant type 2). calcite filled fenestrae,
1-2% intergranular porosity, many microstylolitic swarms,
extremely tight.
TS-H5857 Contact between an oolitic and peloidal grainstone and a
silty, fenestral wackestone (Sherwood Argillaceous Marker); ooids
(with fibrous and micritic laminae)-30%, peloids-20%, quartz
grains-4%, pisoids-trace, fossils (calcispheres with fibrous
coatings, green algae)-1%, micrite-15%, calcite spar (fibrous,
bladed, and equant)-25%, fine crystalline dolomite (matrix
selective)-2%. fenestrae mainly occluded with calcite spar,
1-2% intergranular porosity (Sherwood marker bed is characterized
by a significant increase in the amount of quartz grains).
SORUM //1
MONSANTO OIL COMPANY
SENW-13-163N-91W

IP: 150 BOPD. GOR 1000, GTY. 40
REPORTED CORE INTERVAL: 5785-5846
ADJUSTED CORE INTERVAL: 5787-5848

BLUELL BEDS
5787.5 WACKESTONE, grayish brown, peloids, intraclasts. calcite and
anhydrite filled fenestrae, thin interbeds of mudstones, 5%
intergranular and vuggy porosity, vugs partially lined with
dogtooth calcite, stylolite swarm@ top of zone.
5788.4 INTRACLASTIC/OOLITIC WACKESTONE, tan to grayish brown, intraclasts, ooids, patterned mudstone@ the top, calcite filled
fenestrae, 6-10% intergranular and intercrystalline porosity.
5791.7 FENESTRAL INTRACLASTIC PACKSTONE, grayish brown, intraclasts,
ooids, peloids, abundant calcite filled fenestrae, laminated
(algal)@ 5792.2, cemented surfaces, 2.5cm thick stylolitic
swarm@ 5791.1, 5% intergranular porosity, clasts trapped in
between laminae.
5793.0 MUDSTONE, light brown to grayish brown, calcite filled fenestrae,
slightly stylolitic (type 2), 5% intergranular porosity .
5794.5 PATTERNED
at top of
patterned
increased

MUDSTONE, light gray, dolomitic, stylolitic swarm
zone, 5% intergranular and intercrystalline porosity,
zone (20cm thick) is displayed on CNL log by a sharp
gamma-ray response.

5795.7 MUDSTONE, brown to light brown, peloids, algal filaments,
calcispheres, brachiopod fragments, skeletal debris, stylolitic
swarm@ 5796.0, few calcite filled fenestrae, 3-12% intergranular
and microvuggy porosity, good microvuggy porosity ( 12%) @5798. O
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5798.8 SLIGHTLY MOTTLED WACKESTONE, brownish gray, intraclasts,
algal filaments, calcispheres, ostracods, brachiopods, stylolitic
(type 1, suture, high amplitude}, 4% intergranular porosity,
mottled due to burrowing.
5800.0 DOLOMITIC MUDSTONE, gray, dolomite crystals and quartz grains
suspended in matrix, slightly patterned, microstylolitic swarms,
15% intercrystalline and intergranular porosity, easily
recognized on CNL log@ 5800.0, visible oil staining.
5801.0 PISOLITIC/OOLITIC/INTRACLASTIC WACKESTONE, grayish brown to
steel blue gray, pisoids, ooids, intraclasts, abundant calcite
filled fenestrae, stylolitic (many type 2 and a few type 1,
suture, medium amplitude), vertical and horizontal fractures,
cemented surfaces, 1% intergranular porosity, pyrite within
microfractures, visible oil staining.
5803.0 PISOLITIC/OOLITIC/INTRACLASTIC PACKSTONE, grayish brown,
pisoids, ooids, intraclasts, interbedded with thin mudstone
layers, cemented surfaces associated with mudstones, scour
and fill feature@ 5806.6, cross laminae@ 5806.0, vertical
and horizontal fractures. stylolitic (type 1, suture, lowhigh amplitude, and type 2), 3-5% intergranular and vuggy
porosity.
5807.0 PISOLITIC/OOLITIC/INTRACLASTIC PACKSTONE, brown to steel blue
gray, pisoids, ooids, intraclasts, calcite and anhydrite filled
fenestrae, vertical and horizontal (dendritic) fractures healed
with calcite and anhydrite, stylolitic (type 1, suture, vertical
and horizontal cutting), 2-3% intergranular porosity, few
gastropod tests@ 5810.0.
TS-I5808 Peloidal packstone and grainstone; peloids-35%, ooids (with
fibrous and micritic laminae)-5%, fossils (calcispheres and
ostracods)-3%, micrite-30%, calcite spar (fibrous, bladed,
and equant)-25%, secondary anhydrite-trace, very fine crystalline
dolomite-trace, vertical stylolite (suture, low amp.), 2%
intergranular porosity.
5812 . 0 INTERBEDDED PISOLITIC/OOLITIC PACKSTONE/FOSSILIFEROUS WACKESTONE.
light brown, gastropods, brachiopods, pisoids, ooids, intraclasts, vertical (dendritic) fractures healed with calcite,
calcite filled fenestrae, slightly stylolitic (type 1, suture,
medium amplitude, 4-6% intergranular porosity, abundant gastropod
tests.
TS-!5812 Fenestral, green algal mudstone and wackestone; fossils
(calcispheres, green algae, gastropods, ostracods, skeletal
debris, gastropods)-10%, micrite-60%, calcite spar (fibrous,
bladed, and equant)-25%, stylolitic (suture, medium amp.),
fenestrae mainly occluded with calcite spar, 3-4% vuggy and
intergranular porosity.
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TS-I5816 Fenestral, green algal mudstone; fossils (calcispheres,
green algae, skeletal debris, ostracods)-6%, peloids-trace,
micrite-75%, calcite spar (fibrous and equant)-18%, fenestrae
mainly occluded with calcite spar, 1-2% intergranular and
fracture porosity.
5817.0 PISOLITIC/OOLITIC PACKSTONE/GRAINSTONE, brown, pisoids, ooids,
intraclasts, grapestones, few brachiopods, numerous cemented
surfaces, abundant calcite filled fenestrae, slightly stylolitic
(type 1, suture, medium and high amplitude, vertical and
horizontal fractures@ base, 2-3% intergranular porosity,
stylolitization along fractures.
TS- I 5820 Fenestral, peloidal packstone; peloids-60%, pisoids (with
fibrous and micritic laminae)-1%, fossils (calcispheres)-1%,
quartz grains-trace, micrite-15%, calcite spar (fibrous,
bladed, and equant)-20%, fenestrae mainly occluded with calcite
spar, 3-4% intergranular porosity.
582 1. 4 FOSSILIFEROUS WACKESTONE, light brown/tan, gastropods, brachiopods, worm tubes, slightly microsty l olitic, dendritic vertical
fractures, calcite filled fenestrae , elongate (worm tubes?)
calcite filled fenestrae, 4-15% vuggy and intergranular porosity,
good vuggy porosity@ 5824.0.
TS- I 5822 Fenestral, slightly green algal wackestone; fossils (green
algae, calcispheres, blue-green algae-Ortonella, ostracods)10%, peloids-trace, micrite-75%, calcite spar (equant)-10%,
pyrite-trace, slightly stylolitic (suture, low amp.), fenestrae
mainly occluded with calcite spar, 5-6% fracture porosity.
5825.0 INTRACLASTIC PACKSTONE/FOSSILIFEROUS WACKESTONE, light brown/tan,
intraclasts, gastropods, brachiopods, calcite preserved worm
tubes, cemented surface/hardground@ 5826.7, calcite filled
fenestrae, 10-14% intergranular porosity.
TS-I5825 Green algal and grapestone wackestone; fossils (green algae,
calcispheres, ostracods, brachiopods, forams)-15%, grapestones10%, intraclasts-4%, micrite-45%, calcite spar {equant crystals)10%, secondary anhydrite-trace, 14-15% micro-vuggy, fracture,
and intergranular porosity.
5826.7 WACKESTONE/MUDSTONE, brown, intraclasts, peloids, brachiopods,
calcite preserved worm tubes, vertical fractures healed with
calcite, abundant calcite filled fenestrae, 2% intergranular
porosity, many elongate calcite preserved worm tubes?
TS-I5826.7 Fenestral, slightly green algal wackestone; fossils (green
algae, calcispheres, skeletal debris, blue-green algae-Ortonella,
ostracods, gastropods, brachiopods)-10%, peloids-9%, micrite60%, calcite spar-10%, pyrite-trace, fenestrae mainly occluded
with calcite spar, 8-10% micro-vuggy and intergranular porosity.

202
SHERWOOD ARGILLACEOUS MARKER
5828.4 STYLOLITIC INTRACLASTIC/PISOLITIC PACKSTONE/WACKESTONE, dark
gray/steel blue gray, intraclasts, pisoids, abundant calcite
filled fenestrae, stylolitic (type 1, suture, medium and
high amplitude and microstylolitic swarms), 1-2% intergranular
porosity.
ALFRED 1/1
MONSANTO OIL COMPANY
SESE-12-163N-91W

IP: 96 BOPD. GTY. 40
REPORTED CORE DEPTH: 5749-5863
ADJUSTED CORE DEPTH: 5747-5861

STATE "A" MARKER
5747.8 DOLOMUDSTONE, light brown/tan, laminated (algal), slightly
microstylolitic, pyrite crystals along laminae (replacing
organics) and scattered throughout matrix, 24-30% intercrystalline porosity, visible oil staining.
TS-J 5761 Silicified, peloidal wackestone and packstone; peloids-15%.
calcite spar (equant crystal)-10%, micrite-trace, all the
grains and edges of calcite spar have been replaced by silica.
3-4% intergranular porosity.
BLUELL BEDS
5752.0 PELOIDAL/INTRACLASTIC PACKSTONE, light brown to dark brown
at top, peloids, intraclasts, ooids, anhydrite filled fenestrae,
slightly patterned, microstylolitic, 3-5% intergranular porosity,
siliceous zone and microstylolitic swarm@ the contact between
the Bluel! Beds and overlying State "A" Marker, possible burrow
path recognized 5757.5.
5755.5 PATTERNED MUDSTONE, brown, ostracods, calcispheres, vertical
fractures healed anhydrite, bioturbated, 3% intergranular
porosity, 4-5cm thick microstylolitic swarm@ 5755.5 and
probably acted as a permeability barrier for migrating fluids.
5757.3 WACKESTONE, brown to grayish brown, intraclasts, ostracods,
brachiopods, calcispheres, interbedded with thin intraclastic
packstones and laminated (algal) mudstones, 7% intergranular
and microvuggy porosity.
5758.3 INTRACLASTIC WACKESTONE/PACKSTONE, grayish brown, intraclasts,
pisoids, ostracods, calcispheres, brachiopods, calcite filled
fenestrae, vertical fractures healed with calcite, abundant
stylolites (type 2), 2% intergranular porosity with occasional
microvugs, abundance of stylolitiza t ion decreases upward.
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5761 . 0 FOSSILIFEROUS/INTRACLASTIC WACKESTONE/PACKSTONE, grayish brown,
algal filaments, ostracods, brachiopods, few thin mudstone
interbeds, vertical fractures healed with anhydrite, few calcite
filled fenestrae, slightly stylolitic (type 1), 2-5% intergranular porosity, siliceous (scouring feature@ 5761.0).
TS-J5761.8 Peloidal packstone; peloids-35%, fossils (green algae,
ostracods, gastropods)-trace, micrite-35%, calcite spar (equant
crystals)-8%, secondary anhydrite and celestite-15%, pyritetrace, 7-8% intergranular porosity.
TS-J5763 Intraclastic and green algal wackestone; intraclasts-15%,
fossils (green algae and ostracods)-10%, quartz grains-3%,
micrite-50%, fine crystalline dolomite (matrix selective)-4%,
stylolitic (suture, high amp.), 18-19% intergranular and
intercrystalline porosity.
5764.0 PATTERNED DOLOMUDSTONE. creamy gray, psuedoclasts, patterned,
very soft (breaks apart very easily), abundant amounts of pyrite
(within laminae and scattered throughout matrix), anhydrite
nodules, well developed cross laminae (possible eolian deposit),
17-22% intercrystalline and intergranular porosity, zone easily
recognized by gamma-ray and neutron porosity responses.
TS-J5765 Silty dolomudstone; quartz grains (.05 mm)-28%, fine
crystalline dolomite (matrix selective)-72%, micrite-trace,
calcite spar (equant crystals)-trace, several horizontal
fractures, 18-19% intercrystalline porosity.
5770.8 INTRACLASTIC/PISOLITIC PACKSTONE, creamy gray, intraclasts,
pisoids, brachiopods, ostracods, dolomitic matrix, anhydrite
nodules, slightly bedded, 11% intergranular and intercrystalline
porosity, erosional contact@ base of zone.
5772.0 STYLOLITIC FOSSILIFEROUS WACKESTONE, dark brown to light brown,
abundant echinoderm plates and columnals (crinoids), brachiopods,
forams, abundant microstylolites, 2% intergranular porosity.
TS-J5772 Dolomitic, oolitic wackestone; ooids (with fibrous laminae)35%, intraclasts-10%, quartz grains-8%, grapestones-trace,
fossils (skeletal debris, forams, green algae, blue-green
algae-Ortonella, ostracods, echinoderms)-2%, fine crystalline
dolomite (matrix selective)-25%, micrite-15%, secondary
anhydrite-4%, 1-2% intergranular porosity.
5774.0 INTRACLASTIC PACKSTONE/WACKESTONE, grayish brown, intraclasts,
rugose corals, brachiopods, ostracods, algal filaments,
gastropods, echinoderms, forams, slightly mottled, stylolitic
(type 1 and type 2 swarms), 2-3% intergranular porosity.
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TS-J5774 Dolomitic fossiliferous wackestone; fossils (green algae,
echinoderms, ostracods, skeletal debris, calcispheres, forams)20%, peloids-7%, ooids (with fibrous and micritic laminae)1%, quartz grains (.05 mm)-trace, micrite-40, fine crystalline
dolomite (matrix selective)-30%, secondary anhydrite-trace,
1-2% intergranular porosity.
5778.0 FOSSILIFEROUS/INTRACLASTIC GRAINSTONE/PACKSTONE, dark gray,
intraclasts, peloids, coral fragments, brachiopods, gastropods,
forams, echinoderm plates and columnals (crinoids), calcite
filled fenestrae, vertical fractures healed with calcite and
anhydrite, 5-10% microvuggy/vuggy and intergranular porosity,
visible dead oil staining.
TS-J5779 Peloidal and fossiliferous packstone; peloids-35%, fossils
(green algae, skeletal debris, echinoderms, forams, ostracods,
brachiopods)-20%, intraclasts-3%, ooids (with micritic laminae)1%, micrite-25%, calcite spar (equant crystals)-6%, 10%
intergranular porosity.
5782.5 FOSSILIFEROUS WACKESTONE, light brown, gastropods, corals,
calcispheres, ooids, intraclasts, peloids, packstone interbeds,
vertical fractures healed with anhydrite, 3-4% intergranular
porosity.
5783.0 FENESTRAL PISOLITIC/OOLITIC PACKSTONE/GRAINSTONE, brown to
grayish brown, pisoids, ooids, few rip-up clasts, mudstone/wackestone interbeds, stylolitic (type 1, suture, low amplitude)
seams partially pyritized, abundant calcite and a few anhydrite
filled fenestrae, horizontal fracture filled with anhydrite,
1% intergranular porosity.
TS-J5784.5 Pisolitic and oolitic grainstone; pisoids (with fibrous
and micritic laminae)-35%, ooids (with fibrous and micritic
laminae)-25%, quartz grains-trace, fossils (forams, ostracods,
gastropods)-trace, calcite spar (fibrous and equant)-35%,
secondary anhydrite-3%, pyrite-trace, 1% intergranular porosity
(growth of spar has pushed grain apart).
TS-J5785.6 Fenestral, blue-green algae mudstone interbedded with a
fossiliferous wackestone; fossils (blue-green algae mat,
ostracods)-15%, quartz grains-1%, calcite spar (fibrous,
bladed, and equant)-10%, celestite-3%, slightly stylolitic
(suture, medium amp.), fenestrae mainly occluded with calcite
spar, 1% intergranular porosity.
SHERWOOD ARGILLACEOUS MARKER
5786.7 INTRACLASTIC/PISOLITIC WACKESTONE, dark blue gray, intraclasts,
pisoids, microstylolitic swarms, calcite and anhydrite filled
fenestrae, 1% intergranular porosity.
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EDITH //1
MONSANTO OIL COMPANY
SENW-7-163N-90W

IP: 10 BOPD, GTY. 38, PLUGGED 6/1/85
REPORTED CORE DEPTH : 5747-5781
ADJUSTED CORE DEPTH : 5745-5779

RIVAL BEDS
5745 . 0 MOTTLED ANHYDRITE, steel blue, mottled with interbeds of
dolomudstones , 0% porosity .
TS-K5746 Dolomudstone; quartz grains-3%, very fine crystalline dolomite75% , secondary anhydrite-4%, pyrite-8% , 10% intercrystalline
porosity .
STATE

"A"

MARKER BED

5748.0 DOLOMUDSTONE, light brown/tan , patterned with {algal?) laminae
at 5748.3, vertical fractures healed with anhydrite, concentrations of pyrite scattered throughout, 10-13% intercrystalline
porosity .
5749 . 2 ANHYDRITIC DOLOMUDSTONE, creamy white to bluish gray, patterned ,
displacive anhydrite nodules , deformation of dolomudstone due
to nodules, 13% intercrystalline porosity, patterned texture
due to localized concentrations of pyrite.
5750 . 0 DOLOMUDSTONE, brown, few intraclasts, anhydrite filled fenestrae ,
slightly patterned, algal? laminae@ 5752.5, anhydrite crystals
suspended in matrix, 22-27% intercrystalline porosity, visible
oil staining.
TS-K5750 Anhydritic {nodular) dolomudstone; anhydrite replacing
gypsum pseudomorphs {felted)-90%, celestite-5%, very fine
crystalline dolomite-5%, no visible porosity {0%) .
5752 . 8 PATTERNED DOLOMUDSTONE, light gray to creamy white, patterned,
anhydrite crystals suspended in matrix, 22% intercrystalline
porosity .
BLUELL BEDS
5753.8 PELOIDAL PACKSTONE, grayish brown, peloids , flattened intraclasts, calcispheres, abundant crystallotopic anhydrite,
stylolite swarm at top, 4% intergranular porosity .
5755 . 0 WACKESTONE, grayish brown , few intraclasts, ostracods, peloids ,
algal? laminae@ 5156.0, slightly mottled, calcite filled
fenestrae, 3-5% intergranular porosity .

206
5757.0 INTRACLASTIC PACKSTONE/WACKESTONE, light brown to grayish brown,
intraclasts, peloids, gastropods, calcispheres , ostracods,
brachiopods, cemented surfaces, calcite filled fenestrae,
microstylolitic, 4% intergranular porosity, zone is capped
with a 15cm thick microstylolite swarm which is distinguished
by a gamma-ray response on logs .
TS-K5758 Fenestral mudstone; peloids-2% , fossils (ostracods)-trace,
micrite-65%, calcite spar (equant crystals)-20%, celestite and
secondary anhydrite-10%, fine crystalline dolomite (matrix
selective)-trace, pyrite-trace, no visible porosity (0%),
fenestrae mainly occluded with calcite spar .
5761 . 0 PATTERNED INTRACLASTIC WACKESTONE, brown to gray, intraclasts,
peloids, ooids, grapestones, algal laminae@ 5761 . 0, ostracods,
brachiopods, gastropods, patterned, stylolitic (type 1, suture,
medium amplitude and several microstylolite swarms), 2-4%
intergranular porosity, zone is capped with a stylolite swarm
along with several swarms throughout.
TS-K5764 Intraclastic wackestone; intraclasts-15%, fossils (green
algae, calcispheres, ostracods , skeletal debris)-5% , micrite70%, calcite spar (equant crystals)-4%, fine crystalline
dolomite (matrixselective)-trace, 5-6% intergranular porosity .
5765.0 INTRACLASTIC/PELOIDAL PACKSTONE, gray to grayish brown, intraclasts, peloids, brachiopods, gastropods, ostracods, interbedded
with a slightly mottled wackestones, microstylolitic@ 5766 . 0,
2% intergranular porosity, the number of ostracods and fossil
debris decreases upward.
5767.0 DOLOMITIC MUDSTONE, creamy gray, anhydrite crystals within
matrix, slightly patterned, dolomite crystals and quartz grains
show good relief after etching, 22% intercrystalline porosity,
zone easily distinguished with gamma-ray and neutron log
responses.
TS-K5767 Dolomitic mudstone; fine crystalline dolomite (matrix
selective) (microcrystalline)-50%, micrite-35 %, pyrite-4%, 11 %
intercrystalline porosity.
5768 . 0 WACKESTONE/MUDSTONE, gray, ostracods, calcispheres, brachiopods,
gastropods, intraclasts, stylolitic (8-9cm thick microstylolite
swarm and type 1, suture, medium amplitude), anhydrite and
calcite filled fenestrae, vertical fractured, pyrite scattered
throughout and along stylolite seams, 2-3% intergranular
porosity, very tight-well cemented.
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5771 . 0 FOSSILIFEROUS WACKESTONE, gray, ostracods, algal filaments,
brachiopods, calcispheres, coral fragments, intraclasts, slightly
mottled, interbedded with fossiliferous/intraclastic packstones,
3-5% intergranular and intraparticle porosity, intraclasts
contain the intraparticle porosity.
TS-K5771.5 Fossiliferous wackestone; fossils (fossil debris, green
algae, ostracods, brachiopods, coral fragments, forams)-30%,
peloids-2%, micrite-60, calcite spar (equant crystals)-3%,
fine crystalline dolomite (matrix selective)-5%, no visible
porosity.
5774.0 SKELETAL DEBRIS WACKESTONE/PACKSTONE, gray, gastropods, calcispheres, ostracods, brachiopods, coral fragments, forams,
echinoderm plates and fragments, intraclasts, peloids, stylolitic
(type 1, suture, low-medium amplitude and type 2), horizontal
and vertical fractures, 2-3% intergranular porosity, described
as a skeletal sand.
TS-K5774.8 Recrystallized fossiliferous packstone; fossils (forams,
gastropods, skeletal debris, calcispheres, ostracods)-30%,
peloids-25%, ooids (with fibrous laminae)-trace, micrite-20%,
calcite spar (equant crystals)-5%, microspar-5%, pseudospar20%, pyrite-trace, no visible porosity, (the majority of
allochems are floating in recrystallized spar).
5778.0 SKELETAL DEBRIS WACKESTONE, brown, calcispheres, ostracods,
gastropods, few intraclasts, few peloids, abundant calcite filled
fenestrae, 5% intergranular porosity.
SHERWOOD ARGILLACEOUS MARKER@ 5779.0

ALBERTA //1
MONSANTO OIL COMPANY
NWSE-6-163N-90W

IP: D&A
REPORTED CORE DEPTH: 5676-5736
ADJUSTED CORE DEPTH: 5669-5729

STATE "A" MARKER BED
5669.0 PATTERNED DOLOMUDSTONE, brown/tan to creamy gray, slightly
laminated, abundant anhydrite crystal, 16-24% intercrystalline
porosity, visible oil staining.

208
BLUELL BEDS
5673.0 CRYSTALLOTOPIC MUDSTONE, brown, few intraclasts, sharp contact
between State "A" and Bluel! Beds, abundant crystallotopic
anhydrite, slightly laminated, displacive anhydrite nodules,
classical bowing upward mudcrack at 5774.0, siliceous zone below
contact, anhydrite filled fenestrae, anhydrite healed fractures,
slightly stylolitic (type 1, suture, low amplitude), 4%
intergranular and intercrystalline porosity, 5cm thick dolomitic
dolomudstone at base of zone.
5675.0 PATTERNED MUDSTONE, creamy tan, few intraclasts, patterned,
slightly stylolitic (type 1, suture, low-medium amplitude),
relict laminations, 24% intercrystalline porosity.
5676.7 GRADED MUDSTONE/WACKESTONE/PACKSTONE, brown, ostracods,
gastropods, brachiopods, intraclasts, flattened peloids, bedded
with cemented surfaces, stylolitic (type 1, suture, medium
amplitude and type 2), pyrite along stylolite seams, 4-6%
intergranular porosity, intraclasts are very angular, clasts
decrease in size and abundance upward, excellent example of
energy decreasing upward.
TS-L5680 Intraclastic wackestone; intraclasts-30%, fossils (ostracods,
gastropods, brachiopods, blue-green algae-Ortonella, green algae,
calcispheres)-10%, oncoids-2%, micrite-10%, microspar-4%,
anhydrite-5%, very fine crystalline dolomite-40%, secondary
anhydrite and celestite-5%, 2% intergranular porosity.
5680.3 LAMINATED MUDSTONE, dark brown to light black, ostracods,
brachiopods, numerous horizontal laminae, 2% intergranular
porosity, very dark argillaceous mudstone approximately 13cm
thick.
5680.8 LAMINATED WACKESTONE, grayish brown, intraclasts, ostracods,
brachiopods, skeletal debris, very microstylolitic at base
producing a fitted fabric, horizontal (algal?) laminae within
thin interbed of mudstone, truncated cross laminae, 4% intergranular porosity, number of intraclasts decrease upward, some
fossils show signs of compaction.
TS-L5683 Fossiliferous (ostracod) wackestone; fossils (ostracods,
blue-green algae-Ortonella, green algae)-55%, peloids-2%,
micrite-35%, secondary anhydrite-2%, fine crystalline dolomite
(matrix selective)-4%, 1-2% intergranular and intercrystalline
porosity.
5683.2 FENESTRAL PELOIDAL/INTRACLASTIC PACKSTONE, brownish gray,
peloids, intraclasts, calcispheres, brachiopods, ostracods,
abundant calcite filled fenestrae, bioturbated, 2-3% intergranular porosity.
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5685 . 9 DOLOMITIC MUDSTONE, gray to creamy gray, zone lies between 2
3cm thick microstylolitic swarms, dolomite crystals and quartz
suspended in matrix, anhydrite nodules, 20% intergranular and
intercrystalline porosity, zone is easily recognized on logs
by its distinctive gamma-ray and neutron responses.
5687.0 PISOLITIC/OOLITIC/INTRACLASTIC PACKSTONE, grayish brown,
pisoids, ooids, intraclasts, grapestone of ooids and pisoids,
rip-up clasts, anhydrite and calcite filled fenestrae, open
and calcite healed vertical fractures, few stylolites (type
1, suture, low amplitude), thin (1-2cm thick) dolomitic mudstone
interbeds, 1-2% intergranular porosity .
TS-L5688 Oncolitic wackestone; oncoids (with several micritic and
fibrous laminae)-30%, pisoids (with fibrous laminae)-5%,
ooids (with fibrous laminae)-2%, micrite-35%, calcite spar
(equant crystals)-15%, celestite and secondary anhydrite-10%,
fine crystalline dolomite (matrix selective)-trace, 1-2%
intergranular porosity.
5691.0 OOLITIC/PISOLITIC/INTRACLASTIC PACKSTONE/GRAINSTONE, grayish
brown, ooids, pisoids, intraclasts, calcispheres, interbedded
with mudstone and wackestone layers, abundant calcite and
anhydrite filled fenestrae, open and calcite healed vertical
fractures, few stylolites (type 1, suture, low-medium amplitude),
2-4% intergranular and vuggy porosity, stylolites are common
along distinct lithologic contacts.
5693.9 OVERPACKED ONCOLITIC/PISOLITIC/OOLITIC PACKSTONE, dark grayish
brown, oncoids, pisoids, ooids, interbedded with mudstones at
5695.0, anhydrite filled fenestrae, open horizontal and vertical
fractures, partially calcite filled fenestrae at base of
zone, 4% intergranular porosity.
TS-L5694 Oolitic and pisolitic packstone; ooids (with fibrous and
micritic laminae)-50%, pisoids (with fibrous and micritic
laminae)-20%, micrite-5%, calcite spar (meniscus and fibrous)10%, secondary anhydrite and celestite-11%, 4% intergranular
porosity.
5695.5 PELOIDAL/OOLITIC/PISOLITIC/INTRACLASTIC PACKSTONE, brown,
peloids, ooids, pisoids, intraclasts, gastropods, calcispheres,
few rip-up clasts (3-5cm long), stylolitic (type 1, suture,
low amplitude), abundant calcite and anhydrite filled fenestrae,
anhydrite and calcite healed fractures, 2% intergranular
porosity, mudstone zone at base with several vertical fractures
healed with calcite and bounded with type 1-medium amplitude
stylolites.
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5699.0 FOSSILIFEROUS WACKESTONE, light brown/tan, calcispheres,
gastropods, brachiopods, coral fragments, abundant skeletal
debris, ooids, pisoids, intraclasts, interbedded with fossiliferous packstones, abundant calcite and few anhydrite filled
fenestrae, anhydrite and calcite filling vertical fractures,
anhydrite along stylolite seams, slightly stylolitic (type
1, suture, medium to high amplitude), 3-6% intergranular and
vuggy porosity, grades upward into a fine grained skeletal
packstone .
TS-L5701 Fenestral mudstone; fossils (green algae, calcispheres,
ostracods, brachiopods, gastropods)-5%, peloids-3%, micrite65%, calcite spar (fibrous, bladed, and equant)-20%, celestitetrace, fenestrae mainly occluded with calcite spar, 7% intergranular porosity .
5704.5 PISOLITIC/INTRACLASTIC/OOLITIC PACKSTONE/GRAINSTONE, grayish
brown, pisoids, intraclasts, ooids, calcispheres, gastropods,
skeletal debris, stylolitic (type 1, suture, high amplitude,
and abundant type 2), abundant anhydrite and few calcite
filled fenestrae, pyrite concentrated along and near stylolite
seams, 2-3% intergranular porosity, zone has been compacted
into a packstone.
TS-L5706 Fenestral, oolitic wackestone; superfical ooids (with one
or two micritic laminae)-40%, peloids-5%, micrite-30%, calcite
spar (equant crystals)-4%, celestite and secondary anhydrite15%, fine crystalline dolomite (matrix selective)-trace,
fenestrae occluded with calcite spar and celestite, 1-2%
intergranular porosity.
5709.0 INTRACLASTIC/PISOLITIC/OOLITIC WACKESTONE/PACKSTONE, brown to
light brown, calcite preserved worm tubes, gastropods, calcispheres, skeletal debris, abundant calcite and anhydrite
filled fenestrae, bioturbated, 9-14% vuggy and intergranular
porosity, zone grades upward from a wackestone to a pack
stone/grainstone near 5709.5
TS-L5710 Fenestral, green algal mudstone; fossils (green algae,
calcispheres, blue-green algae-Ortonella, ostracods, forams)8%, peloids-2%, oncoids-1%, micrite-60%, calcite spar (fibrous,
bladed, and equant)-25%, fenestrae occluded with calcite
spar, 4% intergranular porosity.
TS-L5713 Fenestral, green algal mudstone; fossils (calcispheres,
green algae, ostracods)-8%, micrite-70%, calcite spar (equant
crystals)-15%, celestite-4%, fine crystalline dolomite (matrix
selective)-trace, fenestrae occluded with calcite spar and
celestite, 6% intergranular and vuggy porosity.
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5714.0 FENESTRAL PISOLITIC/PELOIDAL PACKSTONE, grayish brown, pisoids,
peloids, ooids, brachiopods, numerous cemented surfaces, abundant
calcite and anhydrite filled fenestrae, 4% intergranular
porosity.
SHERWOOD ARGILLACEOUS MARKER@ 5715.0
FAITH 111
MONSANTO OIL COMPANY
SESE-1-163N-91W

IP: 1 BOPD, ABANDONED
REPORTED CORE DEPTH: 5757-5857
ADJUSTED CORE DEPTH: 5759-5859

RIVAL BEDS
5759.0 ANHYDRITE, steel blue, patterned, allochem ghosts, occasional
pyrite with in matrix, < 1% intergranular porosity, a very tight
and dense anhydrite with sedimentary structure ghosts.
STATE "A" MARKER
5760.0 PATTERNED DOLOMUDSTONE, creamy tan to tanish brown, laminated
with thin laminae (1-2mm thick}, small scale mudcrack and fill
features, abundant pyrite throughout matrix, very soft (breaks
along laminae easily}, 21-30% intercrystalline porosity.
TS-M5763 Dolomudstone; quartz grains-2%, very fine crystalline dolomite60%, anhydrite (felted)-5%, pyrite-5% (pyrite appears to be have
precipitated along organic layers such as blue-green algae mats),
28% intercrystalline porosity.
BLUELL BEDS
5768.0 INTRACLASTIC/PELOIDAL PACKSTONE, grayish brown, intraclasts,
peloids, interbedded with thin (0.5-1cm thick} creamy gray
dolomitic mudstones, abundant calcite filled fenestrae,
crystallotopic anhydrite, vertical fractures healed with
anhydrite, few laminae near contact, cemented surface at
5870.0, stylolitic (type 1, wavey and type 2), pyrite scattered
throughout, 3% intergranular porosity, contact is characterized
by a microstylolitic swarm (1-2cm thick) overlying an 8-10cm
thick creamy gray colored patterned mudstone.
TS-M5769 Fenestral, peloidal wackestone and packstone; peloids-33%,
quartz grains-3%, fossils (ostracods)-trace, micrite-25%,
calcite spar (fibrous, bladed, and equant)-35%, fine crystalline
dolomite (matrix selective}-trace, pyrite-2%, fenestrae occluded
with calcite spar, 3% intergranular and vuggy porosity.
5770.3 DENSE FENESTRAL MUDSTONE, brownish gray, few brachiopod
fragments, abundant calcite filled fenestrae, microfractures
healed with calcite, microstylolitic swarm at 5771.2, 1%
intergranular porosity.
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5771.8 PATTERNED MUDSTONE/WACKESTONE, brownish gray, ostracods,
brachiopods, fossil debris , intraclasts, stylolitic (type 2),
bioturbated, numerous articulate ostracod test which have been
flattened/compacted, abundant pyritiztion of matrix, 1% intergranular porosity.
TS-M5771.8 Dolomitic, fossiliferous wackestone; fossils (ostracods,
skeletal debris, blue-green algae, brachiopods, green algae)15%, peloids-15%, quartz grains-trace, intraclasts-trace,
micrite-45%, fine crystalline dolomite (matrix selective)20%, pyrite-3%, 1-2%intergranularandintercrystallineporosity.
5772.4 INTRACLASTIC/FOSSILIFEROUS PACKSTONE, brownish gray, intraclasts,
brachiopods, ostracods, calcispheres , fossil debris, peloids,
calcite and anhydrite filled fenestrae, zone grades upward
from an intraclastic/fossiliferous packstone to a wackestone
to a fenestral mudstone, cemented surface at 5774 . 5, 1% intergranular porosity, 5774.5 to 5770 . 3 show an excellent example
of fining upwards zone (energy decreasing upward} .
5774 . 5 FOSSILIFEROUS/PELOIDAL/INTRACLASTIC PACKSTONE, brownish gray,
ostracods, gastropods, calcispheres, brachiopods,intraclasts ,
peloids, slightly laminated at 5774 . 6, stylolitic (type 1, wavey
and microstylolitic swarms}, vertical fractures healed with
calcite, 1% intergranular porosity , patterned bedding at
5775 . 0 with dolomitic mudstones and intraclastic packstones .
TS-M5774 . 5 Recrystallized peloidal and fossiliferous packstone;
peloids-55%, fossils (ostracods, brachiopods, skeletal debris,
green algae, calcispheres)-20%, intraclasts-2%, oncoids-3%,
quartz grains-1%, micrite-trace, fine crystalline dolomite
(matrixselective}-1%,pseudospar-15% , 2%intergranularporosity.
5777.0 FOSSILIFEROUS WACKESTONE/PACKSTONE, grayish brown, abundant
ostracods, brachiopods, skeletal debris, few intraclasts,
slightly bioturbated , cemented surface at 5777 . 9, 1% intergranular porosity .
5778 . 0 MOTTLED MUDSTONE , brownish gray, calcispheres , few intraclasts ,
few ostracods, skeletal debris, stylolitic (type 1, wavey and
microstylolitic swarms} , horizontally elongate calcite filled
fenestrae, < 1% intergranular porosity, interbedded with an
intraclastic wackestone at 5779.0 capped with a cemented
surface at 5778 . 9, calcispheres and ostracods are abundant
at 5780 . 6, ostracods are flattened showing signs of compaction.
5781.0 PELOIDAL PACKSTONE, brown, peloids, few ostracods, vertical
fractures healed with anhydrite, cemented surfaces, pyrite
scattered throughout dolomitic matri x, 1% intergranular porosity .
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5782.0 PATTERNED DOLOMITIC MUDSTONE/MUDSTONE, gray, brachiopods,
patterned texture due to concentrations of pyrite, capped
with a microstylolitic swarm, elongate calcite filled fenestrae,
1% intergranular porosity.
5783.3 PATTERNED DOLOMITIC MUDSTONE, creamy gray, patterned texture
due to concentrations of pyrite, dolomite crystals and quartz
grains suspended in matrix, capped by microstylolitic swarm,
18% intercrystalline porosity, easily recognized on log by
distinctive gamma-ray and neutron responses.
TS-M5783.3 Dolomitic mudstone; peloids-1%, fine crystalline dolomite
(matrix selective)-65%, micrite-10%, anhydrite-3%, pyrite-3%,
18% intercrystalline porosity.
5784.0 PISOLITIC/OOLITIC/INTRACLASTIC PACKSTONE, brownish gray,
pisoids, ooids, intraclasts, grapestones, peloids, abundant
calcite and occasional anhydrite filled fenestrae, cemented
surface at 5785.9, vertical fractures healed with calcite
and small amounts of anhydrite, stylolitic (type 1, suture,
low amplitude), fitted fabric, 6% intergranular porosity.
TS-M5785 Oolitic and pisolitic packstone; ooids (with fibrous and
micritic laminae)-60%, pisoids (with fibrous and micritic
laminae)-15%, grapestones-trace, micrite-8%, quartz grains3%, calcite spar (equant crystals)-12%, pyrite-1%, fine
crystalline dolomite (matrix selective)-trace, 1% intergranular
porosity.
5786.0 INTRACLASTIC WACKESTONE, grayish brown, intraclasts, brachiopods,
gastropods, calcispheres, skeletal debris, peloids, stylolitic
(type 1, suture, low to high amplitude), abundant calcite filled
fenestrae, vertical and horizontal fractures healed with
anhydrite, slightly laminated, slightly bioturbated, 1%
intergranular porosity, anhydrite associated with stylolites
(acting as pathways?)
5790.0 MUDSTONE/WACKESTONE, brownish gray, ostracods, brachiopods,
algal filaments, gastropods, intraclasts, vertical fractures
healed with calcite, stylolitic (type 1, suture, high amplitude),
3-5% intergranular and intraparticle porosity, grades upward
from a fossiliferous wackestone to a mudstone interbedded
with fossiliferous/intraclastic wackestones.
TS-M5793 Fossiliferous wackestone; fossils (skeletal debris, green
algae, forams, ostracods)-70%, ooids (with fibrous laminae)trace, micrite-20%, fine crystalline dolomite (matrix selective)trace, pyrite-8%, 2-3% intergranular porosity.
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5796.5 MUDSTONE, brownish gray to gray, ostracods, brachiopods,
calcispheres, intraclasts, very stylolitic (type 1, suture,
high amplitude and type 2), vertical fractures healed with
anhydrite with pyrite inclusions, 1-2% intergranular porosity,
fossiliferous packstone (8cm thick) at base, very tight, dense
mudstone due to stylolitization.
5798.0 SLIGHTLY PATTERNED WACKESTONE, grayish brown, brachiopods,
ostracods, calcispheres, algal filaments, patterned texture
due to pyrite concentrations, stylolitic (type 1, suture,
low to high amplitude), vertical fractures healed with anhydrite,
1-2% intergranular porosity.
5800.0 FOSSILIFEROUS WACKESTONE, grayish brown, brachiopods, ostracods,
calcispheres, coral fragments, gastropods, skeletal debris,
few intraclasts, 6-10% intergranular porosity, many articulate
brachiopods which have been crushed and flattened.
TS-M5800 Green algal wackestone and packstone; fossils (green algae,
ostracods, skeletal debris, forams, echinoderms, calcispheres)70%, quartz grains-trace, micrite-20%, calcite spar (equant
crystals)-trace, pyrite-1%, fine crystalline dolomite (matrix
selective)-1%, secondary anhydrite-trace, 8-9% intergranular
and micro-vuggy porosity .
SHERWOOD ARGILLACEOUS MARKER
5806.0 STYLOLITIC INTRACLASTIC PACKSTONE, dark gray, intraclasts,
rugose corals, very stylolitic (microstylolites and microstylolitic swarms), 1-3% intergranular porosity, very dense,
well cemented due to stylolitization.
JACOBSEN #1
MONSANTO OIL COMPANY
SENE-12-163N-91W

IP: 98 BOPD, 37 GTY.
REPORTED CORE DEPTH: 5752-5870
ADJUSTED CORE DEPTH: 5750-5868

RIVAL SUBINTERVAL
5755.0 PATTERNED ANHYDRITE, steel blue, extremely patterned, < 1%
intergranular porosity, extremely tight.
5759.0 - 5773 . 0 LOST CORE
BLUELL BEDS
5773.0 INTRACLASTIC/FOSSILIFEROUS WACKESTONE, brown, intraclasts ,
ostracods, brachiopods , oncoids (blue green algal balls),
vertical fractures healed with calcite, calcite filled fenestrae ;
stylolitic@ 5774.0 (type 1, suture, high amplitude), anhydrite
within seams, 4% intergranular porosity.
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5774.6 PATTERNED MUDSTONE/INTRACLASTIC WACKESTONE, dark brown to
light black, intraclasts, ostracods, patterned, slightly
stylolitic (type 1, wavey and type 3), intraclasts are flattened,
sharp diagenetic contact at 5774.6 with a microstylolitic
swarm at base,< 1% intergranular porosity.
TS-N5775 Slightly fenestral, algal mudstone; oncoids-8%, fossils
(green algae, calcispheres, blue-green algae-Ortonella, skeletal
debris, ostracods)-5%, intraclasts-2%, micrite-70%, calcite
spar (equant crystals)-2%, secondary anhydrite-3%, very fine
crystalline dolomite-5%, pyrite-trace, fenestrae occluded
with calcite spar, 1% intergranular and intercrystalline
porosity .
5777.0 INTERBEDDED INTRACLASTIC/PELOIDAL WACKESTONE/INTRACLASTIC
PACKSTONE, brownish tan, intraclasts, peloids, ostracods,
calcispheres, brachiopods, skeletal debris, abundant calcite
filled fenestrae, vertical fractures healed with calcite,
slightly stylolitic (type 1, suture, low amplitude), 3%
intergranular porosity.
5780.0 INTRACLASTIC/PISOLITIC/OOLITIC WACKESTONE/PACKSTONE, brown,
intraclasts, pisoids, ooids, peloids, ostracods, brachiopods,
calcispheres, numerous 1-Zcm thick interbeds of dolomitic
mudstones and peloidal grainstones, abundant horizontal and
vertical fractures healed with anhydrite, pyrite within
anhydrite, calcite filled fenestrae, stylolitic (type 1,
suture, low amplitude), 3% intergranular porosity.
5781.0 DOLOMITIC MUDSTONE/WACKESTONE, light gray to gray, intraclasts,
patterned, dolomite crystals and quartz grains supended in
matrix, anhydrite filled fenestrae near base, capped with microstylolitic swarm and becomes microstylolitic at base, 6-7% intergranular and intercrystalline porosity, number of clasts decrease
upward.
TS-N5781 Dolomitic, silty, intraclastic wackestone; intraclasts-20%,
quartz grains-5%, micrite-65%, secondary anhydrite-2%, fine
crystalline dolomite (matrix selective)-3%, 6-7% intergranular
and intercrystalline porosity.
5782.0 PISOLITIC/INTRACLASTIC/OOLITIC PACKSTONE/GRAINSTONE, brown,
pisoids, intraclasts, ooids, coated grapestones, peloids,
rip-up clasts, abundant calcite/anhydrite filled fenestrae,
several possible depositional surfaces, occasional stylolites
(type 1, suture, low and medium amplitude), vertical fractures
healed with anhydrite, anhydrite nodules, 2% intergranular
and intraparticle porosity.
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5784.0 INTRACLASTIC/PELOIDAL WACKESTONE, brown, intraclasts, peloids,
calcispheres, brachiopods, ostracods, abundant calcite and
occasional anhydrite filled fenestrae, occasional pyrite
within matrix, stylolitic (type 1, suture, low-high amplitude),
2% intergranular porosity.
5786.0 INTRACLASTIC/FOSSILIFEROUS WACKESTONE, light brown/tan,
intraclasts, brachiopods, ostracods, coral fragments, calcispheres, forams, slightly stylolitic at 5787.0, bioturbated,
6-10% intergranular and vuggy porosity, numerous forams at
5787.0.
TS-N5788 Fossiliferous wackestone; fossils (forams, skeletal debris,
green algae, calcispheres, ostracods)-15%, quartz silt-trace,
micrite-75%, 8-9% micro-vuggy porosity.
TS-N5790 Fossiliferous wackestone; fossils (green algae, forams,
skeletal debris, ostracods, calcispheres, brachiopods)-35%,
intraclasts-8%, quartz silt-trace, micrite-45%, fine crystalline
dolomite (matrix selective)-trace, 11% micro-vuggy porosity .
5791.0 INTRACLASTIC/PELOIDAL WACKESTONE, brown to grayish brown,
intraclasts, peloids, brachiopods, brachiopod spines?, calcispheres, calcite and anhydrite filled fenestrae, stylolitic
(type 1, suture, high amplitude), 4-5% intergranular porosity,
well cemented.
5792.2 INTRACLASTIC/FOSSILIFEROUS WACKESTONE, brown, intraclasts,
brachiopods, brachiopod spines?, gastropods, coral fragments,
forams, calcite and anhydrite filled fenestrae, microfractures
healed with calcite, 4-5% vuggy and intergranular porosity.
5794.0 INTERBEDDED FOSSILIFEROUS/INTRACLASTIC WACKESTONE/PACKSTONE,
light brown/tan, intraclasts, brachiopods, ostracods, brachiopod
spines, calcispheres, algal filaments, forams, coral fragments,
gastropods, vertical fractures healed with calcite, slightly
stylolitic (type 1, suture, low and high amplitude), 7-8%
intergranular and intraparticle porosity.
TS-N5796.2 Intraclastic wackestone; intraclasts-45%, fossils (green
algae, skeletal debris, green algae, ostracods, brachiopods,
calcispheres, echinoderms)-8%, micrite-35%, calcite spar
(equant crystals)-3%, 8-9% micro-vuggy and intergranular
porosity.
5798.0 FOSSILIFEROUS/INTRACLASTIC/PELOIDAL PACKSTONE, brownish gray,
gastropods, brachiopods, rugose corals, intraclasts, peloids,
vertical fractures healed with calcite, abundant calcite filled
fenestrae, mud cracks, geopetal structure, anhydrite nodule
at 5799.8, 2% intergranular porosity, anhydrite filling vertical
fracture at the base.
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5801.0 FOSSILIFEROUS/INTRACLASTIC/PELOIDAL WACKESTONE/PACKSTONE, light
brown, brachiopods, gastropods, forams, ostracods, brachiopod
spines?, calcispheres , coral fragments, abundant calcite filled
fenestrae, interbedded with thin (4cm thick} laminated mudstones
at 5806.0, anhydrite nodules at 5805.9, 4-7% intergranular
and vuggy porosity.
TS-N5803 Fenestral mudstone; fossils (calcispheres, green algae,
gastropods, skeletal debris, ostracods, brachiopods)-4%,
micrite-66%, calcite spar (bladed and equant)-25%, secondary
anhydrite-trace, fenestrae occluded with calcite spar, 3-4%
intergranular porosity.
5806 . 5 FOSSILIFEROUS/PELOIDAL/INTRACLASTIC PACKSTONE, grayish brown,
corals, brachiopods, gastropods , forams, slightly bedded,
abundant calcite and occasional anhydrite filled fenestrae,
3% intergranular porosity, size of grains decrease upward (graded
bedding} .
SHERWOOD ARGILLACEOUS MARKER
5808.2 INTRACLASTIC PACKSTONE/WACKESTONE/MUDSTONE, dark gray , few
brachiopods, skeletal debris, microstylolitic, abundant calcite
filled fenestrae, 1-2% intergranular porosity, upward fining
to a mudstone .
JENSEN #1
MONSANTO OIL COMPANY
SESW-7-163N-90W

IP: 162 BOPD, 2562 GOR, 40 GTY.
REPORTED CORE DEPTH : 5735-5847
ADJUSTED CORE DEPTH : 5729-5841

BLUELL BEDS
5729.0 INTRACLASTIC WACKESTONE, light brown, vertical fracture healed
with crystallotopic anhydrite, 3% intergranular porosity.
5730.0 PATTERNED MUDSTONE, gray, occasional ostracods, dolomitic,
patterned texture displaying possible burrows or fluid migration
pathways, abundant anhydrite crystals within matrix, slightly
microstylolitic at 5730.0, 4% intergranular and intercrystalline
porosity, easily recognized by neutron and gamma-ray log responses.
5730.5 MUDSTONE, dark gray, few ostracods, very stylolitic {type 1,
suture, high amplitude and type 2), microstylolite swarm at
5731.9, contact with overlying zones is a dark, siliceous, 9cm
thick zone, 1% intergranular porosity, well cemented, recognized
on log by sharp decrease on neutron response .
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5732 . 0 INTERBEDDED INTRACLASTIC WACKESTONE/PACKSTONE, grayish brown,
intraclasts, peloids, ostracods, brachiopods, large vertical
fracture healed with anhydrite at 5734.0, occasional microstylolites, slightly laminated at 5733.0, 2-9% intergranular
porosity, best porosity located within laminated and interbedded
packstones.
5735.0 DOLOMITIC MUDSTONE, light gray to creamy gray, slightly
patterned, quartz grains and dolomite crystals scattered
throughout matrix, microstylolitic swarm at 5735.0, 21%
intercrystalline and intergranular porosity, easily recognized
on by high gamma-ray and neutron response.
5736.5 INTRACLASTIC WACKESTONE INTERBEDDED WITH OOLITIC PACKSTONE/
GRAINSTONE, grayish brown, ooids, pisoids, intraclasts, pisoids,
calcite filled fenestrae, abundant stylolites (type 1, suture,
low to medium amplitude), 2-4% intergranular porosity, well
cemented.
5739 . 0 PELOIDAL/OOLITIC PACKSTONE/GRAINSTONE, brownish gray, peloids,
ooids, abundant calcite filled fenestrae 5739.5, slightly
laminated near base, vertical fractures healed with calcite,
occasional stylolites (type 1, wavey and suture, high amplitude),
8-10% intergranular porosity, good permeability at 5741.0.
TS-05741 Oolitic grainstone; Ooids (with fibrous laminae)-75%, pisoidstrace, grapestone-trace, quartz grains-trace, calcite spar
(equant crystals)-15%, 8-9% intergranular porosity.
5742 . 5 OOLITIC/PELOIDAL/PISOLITIC GRAINSTONE, brown, ooids, peloids,
pisoids, intraclasts, grapestone, few brachiopods, size of clasts
decreases upward, 6-10% intergranular porosity, few intraclasts
as large as 4cm in diameter, excellent porosity and permeability.
TS-05743 Oolitic and grapestone grainstone; ooids (with micritic and
fibrous laminae)-60%, grapestones-8%, oncoids-1%, intraclasts2%, oncoids-1%, fossils (forams)-trace, calcite spar (equant
crystals)-18%, pyrite-trace, 11% intergranular and vuggy
porosity.
5745 . 5 PISOLITIC/INTRACLASTIC GRAINSTONE, grayish brown, pisoids, intraclasts, ooids, peloids, occasional stylolites (type 1, suture,
high amplitude), 6% intergranular porosity, size of clasts much
larger than the overlying carbonate sands.
TS-05746 Recrystallized oolitic and pisolitic packstone; ooids (with
micritic and fibrous laminae)-25%, pisoids (with micritic and
fibrous laminae)-15%, fossils (gastropods, brachiopods,
ostracods, green algae, calcispheres)-6%, grapestones-4%,
intraclasts-6%, micrite-8%, pseudospar-30%, pyrite-4%, 2%
intergranular porosity .
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5747.0 SKELETAL GRAINSTONE, brownish gray, forams, echinoderm fragments,
rugose corals, brachiopods, ooids, oncoids, pisoids, numerous
corals and forams, 3-4% intergranular porosity, base of fining
upwards zones.
TS-05748 Recrystallized fossiliferous and oolitic wackestone and
packstone; fossils (forams, echinoderms, corals, brachiopods,
gastropods, green algae)-30%, ooids (with fibrous laminae)15%, intraclasts-4%, micrite-10%, calcite spar (equant crystals)3%, pseudospar-35%, 2-3% intergranular porosity.
5748.5 INTRACLASTIC/OOLITIC/PISOLITIC WACKESTONE/PACKSTONE, grayish
brown, intraclasts, slightly coated pisoids and ooids, inter
bedded with 5cm thick mudstones, peloidal/intraclastic grainstone
at 5751.5, abundant vertical and horizontal fractures healed
with calcite with occasional anhydrite healing and replacing
fractures, abundant calcite filled fenestrae, cemented surfaces
at 5751.9, local areas of anhydrite replacement, stylolitic
(type 1, wavey and suture, low to medium amplitude, few
vertical), 2-4% intergranular porosity, zone appears to be a
result of compaction.
5752.0 INTRACLASTIC WACKESTONE, light brown to tanish brown, intraclasts, brachiopods, calcispheres, ostracods, gastropods,
echinoderm fragments, few oncoids, interbedded with peloidal
packstones, abundant calcite with few anhydrite filled fenestrae,
anhydrite inclusions within some calcitic fenestrae, calcite
healed fractures, cemented surfaces, bioturbated, pyrite within
matrix, 4% intergranular porosity, few elongate calcite filled
fenestrae, large vug completely lined with dogtooth calcite,
fauna diverse but not abundant.
TS-05752 Fenestral, green algal mudstone; fossils (calcispheres,
green algae, blue-green algae-Ortonella, skeletal debris,
ostracods, gastropods)-4%, quartz grains-trace, micrite-75% ,
calcite spar (fibrous, bladed, and equant)-15%, fenestrae
occluded with calcite spar, 3-4% intergranular porosity.
TS-05755 Fenestral, algal mudstone; fossils (calcispheres, bluegreen algae-Ortonella, ostracods , skeletal debris)-4%, pisoids
(with micritic laminae)-2%, ooids-trace, micrite-55%, calcite
spar (bladed and equant)-35%, fenestrae occluded with calcite
spar, 5% intergranular porosity.
5758 . 0 INTRACLASTIC/FOSSILIFEROUS PACKSTONE/WACKESTONE, brown, intraclasts, peloids, brachiopods, calcispheres, ostracods, calcite
filled fenestrae, slightly laminated or bedded, vertical
fractures healed with calcite, 3-5% intergranular and occasional
vuggy porosity.
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TS-05758 Fenestral mudstone; fossils (skeletal debris, green algae,
calcispheres, gastropods, ostracods, brachiopods)-2%, intraclasts-2%, peloids-2%, ooids-1%, micrite-68%, calcite spar
(bladed and equant)-25%, fenestrae occluded with calcite
spar, 2% intergranular porosity.
SHERWOOD ARGILLACEOUS MARKER
5759.0 STYLOLITIC INTRACLASTIC WACKESTONE/PACKSTONE, dark gray to
bluish gray, intraclasts, peloids, stylolitic (type 2 and microstylolitic swarms, abundant calcite and anhydrite filled fenestrae, 1-2% intergranular porosity, well cemented with numerous
microstylolitic swarms.
TS-05760 Fenestral, stylolitic, silty, intraclastic wackestone;
intraclasts-10%, quartz grains-7%, fossils (ostracods and
gastropods)-trace, micrite-60%, calcite spar (fibrous, bladed,
and equant)-15%, secondary anhydrite-1%, fine crystalline
dolomite (matrix selective)-4%, pyrite-trace, very stylolitic
(suture, medium amp.), 1-2% intergranular porosity.
JENSEN #2
MONSANTO OIL COMPANY
SESE-7-163N-90N

IP: 25 BOPD. 39 GTY.
REPORTED CORE DEPTH: 5714-5756
REPORTED CORE DEPTH: 5716-5758

BLUELL BEDS
5714.0 PELOIDAL/INTRACLASTIC WACKESTONE, creamy brown, peloids, intraclasts, vertical fractures healed with anhydrite, slighty
laminated (algal), pyrite precipitated/replaced laminae, crystallotopic anhydrite, 2-3% intergranular porosity.

TS-P5715 Fenestral, peloidal and oncolitic wackestone and packstone;
peloids-15%, oncoids-15%, intraclasts-5%, fossils (blue-green
algae-Ortonella and calcispheres)-4%, micrite-30%, calcite
spar (equant crystals)-20%, secondary anhydrite-9%, fenestrae
occluded with calcite spar, 2% intergranular porosity.
5716.0 INTRACLASTIC PACKSTONE, dark brown, intraclasts, ostracods,
interbedded with thin beds (1-2cm thick) of mudstones and
pisolitic oolitic/peloidal packstones and grainstones, stylolitic
(type 1, suture, low to medium amplitude and type 2), microstylolite swarm at 5716.0, calcite and anhydrite filled
fenestrae, 1% intergranular porosity, number of ostracods
decreases upward.
5718.4 INTRACLASTIC GRAINSTONE, dark brown, abundant calcite filled
fenestrae, abundant calcite filled fenestrae, silicification
of intraclasts and peloids with calcite filled fenestrae
unsilicified, 3% intergranular porosity.
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5718.8 MUDSTONE, light brown, occasional ostracods, abundant calcite
filled fenestrae, homogeneous, 4% intergranular porosity, zone
lacks any sedimentary structures, dead oil staining.
TS-P5719.7 Fenestral mudstone; peloids-2%, fossils (green algae)trace, micrite-80%, calcite spar (equant crystals)-13%, secondary
anhydrite-1%, pyrite-1%, 3-4% intergranular porosity.
5720.0 PATTERNED MUDSTONE, dark gray, intraclasts, ostracods, brachiopods, interbedded with intraclastic/peloidal grainstones,
slightly dolomitic, stylolitic (type 2 and few type 1, suture,
low amplitude), calcite filled fenestrae, bounded above and
below with microstylolitic swarms, 1-5% intergranular and intercrystalline porosity, recognized on logs with sharp gamma-ray
response, correlative to Jensen #1@ 5930.0.
5722.2 MUDSTONE, gray, occasional stylolites (type 1, suture, low
amplitude), abundant calcite filled fenestrae, 1% intergranular
porosity.
5723.0 INTRACLASTIC/PELOIDAL WACKESTONE/PACKSTONE, brown, intraclasts,
peloids, calcite and anhydrite filled fenestrae, 6% vuggy and
intergranular porosity, visible oil staining.
TS-P5724 Slightly fenestral, peloidal mudstone; peloids-6%, fossils
(green algae, calcispheres, ostracods)-2%, micrite-75%, calcite
spar (equant crystals)-10%, pyrite-1%, fenestrae occluded with
calcite spar, 5% micro-vuggy porosity.
5725.0 OOLITIC/PISOLITIC GRAINSTONE, brownish gray, ooids, pisoids,
peloids, coated grapestones and/or rip-up clasts, abundant
calcite and anhydrite filled fenestrae, vertical fractures
healed with calcite, slightly stylolitic (type 2), numerous
cemented surfaces and distinct beds of oolitic/pisolitic
grainstones, 2% intergranular porosity.
5728.0 INTRACLASTIC/PISOLITIC WACKESTONE/PACKSTONE, light brown/tan,
intraclasts, pisoids, oncoids, forams, brachiopods, calcispheres,
gastropods, abundant calcite and anhydrite filled fenestrae,
numerous vertical fractures healed with calcite, stylolitic
(type 1, suture, low amplitude), 2-4% intergranular porosity,
visible oil staining@ 5731 . 0.
TS-P5733 Fenestral, intraclastic and fossiliferous wackestone;
intraclasts-20%, fossils (calcispheres, blue-green algaeOrtonella, gastropods, ostracods)-15%, peloids-5%, ooids-trace,
micrite-30%, calcite spar (equant crystals)-25%, fenestrae
occluded with calcite spar, 3-5% intergranular porosity.
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5734.0 INTRACLASTIC/FOSSILIFEROUS WACKESTONE, light grayish brown,
intraclasts, brachiopods, gastropods, calcispheres, ostracods,
vertical fractures healed with calcite, slightly stylolitic
(type 1, suture, low-medium amplitude), microstylolitic swarm
@ 5738.0, 6-7% intergranular and intraparticle porosity.
TS-P5734 Fossiliferous mudstone; fossils (green algae, calcispheres,
ostracods, gastropods)-7%, micrite-70%, calcite spar (equant
crystals)-15%, secondary anhydrite-trace, large fenestra
occluded with calcite spar, 8% micro-vuggy porosity .
5738 . 2 FOSSILIFEROUS MUDSTONE, light grayish brown, abundant ostracods, brachiopods, occasional stylolites (type 1, suture, low
amplitude), 1% intergranular porosity.
5739.0 INTRACLASTIC WACKESTONE, light grayish brown, intraclasts,
algal filaments, brachiopods, gastropods, calcispheres,
occasional calcite filled fenestrae, cemented surfaces, 4%
intergranular porosity.
5739.8 PISOLITIC/OOLITIC PACKSTONE, brownish gray, pisoids, ooids,
intraclasts, grapestones and/or rip-up clasts, interbedded with
thin (1-2cm thick) mudstones near base, abundant calcite filled
fenestrae along with anhydrite filled fenestrae, vertical fractures healed with anhydrite, stylolitic (type 1, suture, lowmedium amplitude), 2% intergranular porosity, calcite lining
fenestrae with anhydrite infill.
5743.3 INTRACLASTIC/FOSSILIFEROUS WACKESTONE, light brown, brachiopods,
calcispheres, gastropods, ostracods, abundant calcite filled
fenestrae with elongate (worm shaped) calcite trace fossils?,
vertical and horizontal fractures healed with calcite, slightly
stylolitic (type 1, suture, medium amplitude, occasional cemented
surfaces, 3-5% intergranular porosity, few fenestrae partially
filled with calcite.
TS-P5745 Fenestral and algal mudstone; fossils (blue-green algaeOrtonella, green algae, calcispheres, ostracods, bryozoans)35%, peloids-5%, intraclasts-trace, quartz grains-trace,
micrite-40%, calcite spar (fibrous, bladed, and equant)-20%,
2-3% intergranular porosity.
TS-P5748.7 Slightly fenestral and algal mudstone and wackestone;
fossils (green algae, calcispheres, skeletal debris, ostracods,
gastropods, brachiopods)-15%, intraclasts-1%, quartz grainstrace, micrite-65%, calcite spar (fibrous, bladed, and equant)15%, fine crystalline dolomite (matrix selective)-1%, saddle
dolomite-trace, vertically fractured, 4% intergranular porosity.
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5749.0 INTRACLASTIC WACKESTONE, brown, intraclasts, interbedded with
pisolitic/oolitic packstones, brachiopods, gastropods, vertical
fractures healed with calcite, abundant calcite filled fenestrae,
3% intergranular porosity, stylolites within calcite healed
fractures.
TS-P5751 Partially recrystallized intraclastic packstone; intraclasts50%, pisoids (with fibrous laminae)-5%, peloids-4%, quartz
grains-2%, fossils (ostracods, green algae, calcispheres,
skeletal debris)-2%, micrite-10%, calcite spar (fibrous,
bladed, and equant)-20%, microspar-5%, 1-2% intergranular
porosity.
SHERWOOD ARGILLACEOUS MARKER
5751.2 STYLOLITIZED PISOLITIC WACKESTONE/PACKSTONE, dark gray, pisoids,
intraclasts, abundant stylolites (type 2 and type 1, wavey),
2% intergranular porosity, heavily stylolitized.
RONALD 1/1
MONSANTO OIL COMPANY
SENW-16-163N-90W

IP: 12 BOPD, 24 BWPD, 30 GTY.
REPORTED CORE DEPTH: 5668-5698
ADJUSTED CORE DEPTH: 5666-5696

RIVAL SUBINTERVAL
5665.5 PATTERNED ANHYDRITE, dark blue, 0.4 intergranular porosity.
STATE "A" MARKER BED
5666.0 DOLOMUDSTONE, brownish gray, displacive anhydrite nodules
within dolomitic matrix, 1-3% intergranular porosity.
BLUELL BEDS
5668.6 SLIGHTLY PATTERNED MUDSTONE, dark gray, anhydrite fenestrae,
anhydrite nodules, crystallotopic anhydrite, 0.5% intergranular
porosity.
5670.0 ALGAL MUDSTONE, brownish gray, algal laminae, crystallotopic
anhydrite@ 5670.3, slightly stylolitic (type 2), calcite filled
fenestrae, 0.6% intergranular porosity.
TS-Q5670.5 Fenestral mudstone; intraclasts-3%, peloids-2%, fossils
(blue-green algae laminae)-2%, micrite-82%, calcite spar (equant
crystals)-7%, very fine crystalline dolomite-1%, pyrite-2%,
0-1% intergranular porosity.
5670.9 FOSSILIFEROUS WACKESTONE, grayish brown to pale brown,
gastropods, ostracods, brachiopods, intraclasts, oncoids,
stylolitic (type 1, wavey and suture, medium amplitude), 2%
intergranular porosity.

224
5671.6 PATTERNED MUDSTONE, dark gray, few well rounded intraclasts,
bounded above by microstylolitic swarm, 4.5% intercrystalline
and intergranular porosity, base of zone is an intraclastic
wackestone, zone is correlative to the dark gray patterned
zone in the Jensen #2@ 5720.0.
5672.0 MUDSTONE/INTRACLASTIC WACKESTONE, light gray to gray, rounded
intraclasts, · possible rip-up clasts, ostracods, brachiopods,
large vertical fractures healed with calcite, very stylolitic
(type 2, numerous microstylolitic swarms), occasional calcite
filled fenestrae, 1-4% intergranular porosity.
5673 . 8 DOLOMITIC PELOIDAL INTRACLASTIC PACKSTONE/WACKESTONE, brown,
peloids, intraclasts, ostracods, brachiopods, stylolitic (type
1, wavey and suture, high amplitude), slightly laminated,
anhydrite crystals suspended in matrix, slightly patterned@
5675.4 , 4-5% intergranular porosity, best porosity is within
packstone.
TS-Q5676 Slightly dolomitic mudstone; fossils (ostracods, green
algae, calcispheres)-6%, micrite-80%, very fine crystalline
dolomite-6%, quartz grains-4%, 4% intergranular porosity .
5676.6 PATTERNED DOLOMUDSTONE, creamy gray, dolomite crystals and
quartz grains suspended in matrix, soft, patterned texture
due to concentrations of pyrite, 15-20% intercrystalline
porosity, easily recognized on log using gamma-ray and neutron
responses.
TS-Q5677 Silty dolomudstone; quartz grains-5%, very fine crystalline
dolomite-70%, nodular anhydrite-3%, pyrite-5%, 17% intercrystalline porosity.
5777 . 8 OOLITIC/PISOLITIC/PELOIDAL WACKESTONE, pale brown to gray,
interbedded with oolitic/pisolitic grainstones, ooids, pisoids,
peloids, oolitic grapestones, calcispheres, stylolitic (type
2 and type 1, wavey, suture, medium amplitude) , cemented surface
@ 5678.0, 1% intergranular porosity, zone grades upward into
a mudstone, type 1 stylolites are common along the boundries
of oolitic/pisolitic grainstones.
5680.0 OOLITIC/PISOLITIC WACKESTONE, light gray, ooids, pisoids,
grapestones, intraclasts, vertical fractures healed with
anhydrite, abundant anhydrite filled fenestrae, occasional
stylolites (type 1, suture, low to medium amplitude), 2%
intergranular porosity.
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5680.8 OOLITIC/PISOLITIC GRAINSTONE/PACKSTONE, grayish brown, ooids,
pisoids, peloids, oolitic grapestones, calcite and anhydrite
filled fenestrae, occasional stylolites (type 1, suture, low
to medium amplitude), numerous distinct beds and cemented
surfaces of oolitic/pisolitic grainstones, 3-7% vuggy and
intergranular porosity, vugs are partially lined with dogtooth
spar.
TS-Q5681 Peloidal and grapestone wackestone; peloids-10%, grapestone10%, ooids (with fibrous and micritic laminae)-5%, superfical
pisoids (with fibrous laminae)-2%, fossils (calcispheres and
brachiopod fragments)-trace, micrite-55%, calcite spar (equant
crystals)-4%, secondary anhydrite-8%, 6-7% vuggy and
intergranular porosity.
TS-Q5683 Oolitic grainstone and packstone; ooids (with fibrous and
few micritic laminae)-60%, peloids-6%, grapestones-4%, fossils
(calcispheres)-trace, micrite-8%, calcite spar (fibrous and
equant)-12%, secondary anhydrite-7%, 3% vuggy porosity.
5684.4 OOLITIC PISOLITIC PACKSTONE, pale brown to gray, ooids, pisoids,
grapestones, ostracods, calcite and anhydrite filled fenestrae,
slightly stylolitic (type 1, suture, low-medium amplitude and
type 2), vertical fractures healed with calcite, cemented
surfaces, 2% intergranular porosity, zone bounded above by
1cm thick microstylolitic swarm.
5685 . 8 OOLITIC/PISOLITIC/PELOIDAL GRAINSTONE/WACKESTONE, brown, ooids,
pisoids, peloids, intraclasts, grapestone, rip-up clasts, gastropods, brachiopod spines?, abundant calcite filled fenestrae
from 5690-5687, abundant anhydrite filled fenestrae from 56875685.5, numerous beds where either pisoids or ooids and peloids
are the dominant allochem(s), well developed cemented surface
@ 5685.7, 2-3% intergranular porosity.
TS-Q5688 Oolitic and peloidal grainstone and packstone; ooids (with
fibrous laminae)-50%, peloids-15%, pisoids (with fibrous
laminae)-6%, grapestones-2%, quartz grains-trace, fossils
(calcispheres)-trace, micrite-6%, calcite spar (fibrous and
equant)-9%, celestite and secondary anhydrite-8%, 2-3%
intergranular porosity .
5690.0 OOLITIC/PISOLITIC PACKSTONE/GRAINSTONE, grayish brown,
interbedded with oolitic/pisolitic wackestones and mudstones,
ooids, pisoids, gastropods, brachiopods, stylolitic (type 1,
suture, low and medium amplitude), abundant calcite and anhydrite
filled fenestrae, vertical fractures healed with calcite and
anhydrite fenestrae, possible tepee structure or large slump
feature@ 5693.7, numerous oolitic/pisolitic grainstone
interbeds throughout, 2% intergranular porosity .
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TS-Q5691 Oolitic and pisolitic grainstone and packstone; ooids (with
fibrous laminae)-38%, pisoids (with fibrous laminae)-13%,
peloids-10%, micrite-10%, calcite spar (bladed and equant)25%, microspar-4%, 2-3% intergranular porosity.
TS-Q5693.7 Oolitic wackestone; ooids (superfical with fibrous laminae)25%, pisoids (superfical with fibrous laminae)-9%, peloids-7%,
fossils (ostracods, calcispheres, green algae)-1%, micrite-40%,
calcite spar (bladed and equant)-10%, microspar-trace, celestite5%, 3% intergranular porosity.
5694.0 OOLITIC/PISOLITIC PACKSTONE/GRAINSTONE, grayish brown,
interbedded with peloidal wackestones and mudstones, ooids,
pisoids, peloids, vertical and horizontal fractures healed
with calcite and anhydrite, calcite filled fenestrae, stylolitic
(type 1, suture, low amplitude), numerous cemented surfaces,
2-3% intergranular porosity.
TS-Q5694 Contact between oolitic grainstone and packstone and oolitic
wackestone; ooids (with fibrous laminae)-35%, pisoids (with
fibrous laminae)-5%, fossils (calcispheres, green algae,
ostracods, gastropods)-3%, quartz grains-1%, micrite-30%,
calcite spar (equant crystals)-20%, celestite-2%, very fine
dolomite-1%, stylolitic (suture, high amp.), 3% intergranular
porosity.
KINSON-ALVINA #1
MONSANTO OIL COMPANY
SENE-4-163N-91W

IP: DRY HOLE
REPORTED CORE DEPTH: 5843-5950
ADJUSTED CORE DEPTH: 5856-5963

STATE "A" MARKER BED
5856.0 DOLOMUDSTONE, gray to dark gray, very argillaceous, cross
laminae@ 5857.0 to 5858.0, burrowed from 5857.0 to 5856.0,
abundant microstylolites and possible algal laminae, very
soft (breaks along laminae), pyrite scattered throughout,
18% intercrystalline porosity, darkness is uncharacteristic
for State "A" Marker.
TS-R5857 Laminated silty dolomudstone; quartz grains-10%, micrite10%, calcite spar (equant crystals)-trace, pyrite-trace, very
fine crystalline dolomite-60%, laminations represent concentrations of quartz grains, 18-20% intercrystalline porosity.
TS-R5860 Silty, stylolitic dolomudstone; quartz grains-7%, very fine
crystalline dolomite-70%, micrite-5%, pyrite-trace, 18%
intercrystalline porosity.
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5866.0 SLIGHTLY PATTERNED DOLOMUDSTONE, brown, brachiopods@ 5969 . 0,
allochem ghosts, abundant pyrite, anhydrite crystals suspended
in matrix, localized concentrations of pyrite, argillaceous,
soft, slightly laminated, 18% intercrystalline porosity.
TS-R5867 Dolomudstone; fossils (brachiopods and ostracods)-2%,
intraclasts-2%, quartz grains-3%, micrite-10%, calcite spar
(equant crystals)-trace, secondary anhydrite-trace, very fine
crystalline dolomite-60%, pyrite-2%, 19% intercrystalline
porosity.
BLUELL BEDS
5869 . 6 FOSSILIFEROUS/INTRACLASTIC PACKSTONE/GRAINSTONE, grayish brown,
intraclasts, brachiopods, gastropods, ostracods, bryozoans,
thin (0.5cm) lenses of creamy tan dolomitic mud, stylolitic
(type 1, suture, medium amplitude and type 2), crystallotopic
anhydrite, tightly packed (possibly compacted), fauna number
and diversity decreases upward, 3% intergranular porosity,
possible ripple mark@ 5870 . 1, contact between State "A" and
Bluel! is defined by microstylolitic swarm .
TS-R5871 Intraclastic and fossiliferous grainstone, packstone and
wackestone; intraclasts-60%, fossils (ostracods, brachiopods,
gastropods, blue-green algae-Ortonella)-15%, quartz silt-4%,
micrite-5%, calcite spar (fibrous and equant)-6%, fine
crystalline dolomite (matrix selective)-5%, secondary anhydrite1%, 4% intergranular porosity .
5873.0 SLIGHTLY DOLOMITIC FOSSILIFEROUS/INTRACLASTIC WACKESTONE,
creamy tan, intraclasts, brachiopods, ostracods, bryozoans,
dolomitic matrix, interbedded with numerous thin dolomitic
and fossiliferous packstones, microstylolites are common in
the packstones, 6-11% intergranular and intercrystalline
porosity, numerous interbeds of packstones, wackestones, and
dolomitic mudstones represent various energy fluctuations.
TS-R5875.5 Dolomitic, fossiliferous wackestone; fossils (ostracods,
brachiopods, bryozoans, gastropods, corals, calcispheres)-30%,
intraclasts-15%, quartz grains-3%, fine crystalline dolomite
(matrix selective)-30%, micrite-15%, secondary anhydrite-3%,
4% intercrystalline and intergranular porosity.
5875 . 6 - 5877.1 CORE MISSING
5877 . 1 DOLOMITIC INTRACLASTIC/FOSSILIFEROUS WACKESTONE, creamy tan,
intraclasts, brachiopods, ostracods, bryozoans, peloids,
occasional grapestones, dolomitic matrix, well packed, 8%
intercrystalline and intergranular porosity, packing decreases
upwards, clasts are not dolomitized, sharp and irregular contact
@ 5877 . 1 is an erosional contact.
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TS-R5877.2 Dolomitic, fossiliferous packstone; fossils (ostracods,
brachiopods, bryozoans, gastropods)-60%, intraclasts-8%, quartz
grains-2%, micrite-5%, secondary anhydrite-1%, fine crystalline
dolomite (matrix selective)-20%, several grains show evidence
of overpacking,4% intercrystalline porosity.
5877.7 DOLOMITIC FOSSILIFEROUS PACKSTONE/WACKESTONE, grayish tan to
dark gray, bryozoans, brachiopods, ostracods, echinoderm
plates and crinoid columnals, coral fragments, few intraclasts,
bedded, well packed to over packed , stylolitic (type 1, suture,
medium amplitude), 9% intercrystalline and intergranular
porosity, color changes due to the amount of dolomitic matrix.
TS-R5879 Dolomitic, fossiliferous packstone ; fossils (skeletal debris,
bryozoans, brachiopods, ostracods, gastropods , echinoderms,
corals)-60%, intraclasts-4% , quartz grains-2%, micrite-ttace,
fine crystalline dolomite (matrix selective)-25%, pseudospar5%, 4-5% intercrystalline porosity.
TS-R5881.3 Overpacked, dolomitic, fossiliferous packstone; fossils
(skeletal debris, brachiopods, bryozoans, ostracods, echinoderms)-65%, intraclasts-10%, micrite-2%, pseudospar-2% , fine
crystalline dolomite (matrix selective)-15%, secondary anhydritetrace, 6% intercrystalline and intergranular porosity.
5884.0 SLIGHTLY DOLOMITIC FOSSILIFEROUS WACKESTONE/PACKSTONE, dark
brown to creamy tan, brachiopods, bryozoans, echinoderm plates
and crinoid columnals, allochem ghosts, interbedded with thin
creamy tan dolomudstones, burrowed?, 8% intercrystalline and
intergranular porosity.
5885.5 SLIGHTLY DOLOMITIC FOSSILIFEROUS WACKESTONE/MUDSTONE, gray
to dark gray, brachiopods, ostracods, few echinoderm fragments,
localized areas of selective dolomitization, patterned, anhydrite
crystals scattered throughout matrix, bounded above by microstylolitic swarm, 4% intergranular porosity, thin (1cm) zones
of compacted fauna@ 5886.9 along with 5cm thick cemented
surface or depositional surface.
5888.5 SLIGHTLY DOLOMITIC FOSSILIFEROUS WACKESTONE, dark gray to
light black , echinoderm plates and crinoid columnals , brachiopods , 5 . 5cm thick dolomudstone at 5889.5, stylolitic (type 2
and microstylolitic swarms, argillaceous, 6-7% intergranular
porosity.
TS-R5889.2 Fossiliferous wackestone and dolomitic mudstone (contact);
fossils (echinoderms, brachiopods , ostracods, bryozoans,
skeletal debris, brachiopods, green algae, calcispheres)-30%,
quartz grains-trace, micrite-40%, fine crystalline dolomite
(matrix selective)-25%, pyrite-2%, 1-2% intercrystalline and
intergranular porosity.
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5890.3 PATTERNED DOLOMUDSTONE, light gray, fossiliferous grapestones,
few echinoderm fragments and skeletal debris@ 5890.4, quartz
grains suspended within matrix, laminated@ base, 4% intergranular porosity.
5891.0 DOLOMITIC FOSSILIFEROUS PACKSTONE, dark gray/light black,
echinoderm plates and crinoid columnals, brachiopods, trilobites,
ostracods, few corals, microstylolitic, matrix is partially
dolomitic, argillaceous, 3% intergranular porosity.
TS-R5892.4 Slightly dolomitic, fossiliferous packstone; fossils
(echinoderms, bryozoans, brachiopods, ostracods, forams)-60%,
intraclasts-4%, micrite-10%, fine crystalline dolomite (matrix
selective)-30%, 3% intercrystalline and intergranular porosity.
5893.0 LAMINATED DOLOMITIC MUDSTONE, dark gray/light black, interbedded
with over packed intraclastic packstones and wackestones,
stylolitic (type 2 and microstylolitic swarms}, possible
dewatering structure@ 5896.0, 2% intergranular and intercrystalline porosity, laminated due to dolomitization and extreme
amounts of compaction.
TS-R5896 Dolomitic, laminated, fossiliferous mudstone; fossils (skeletal
debris)-28%, peloids-4%, quartz grains-5%, micrite-45%, fine
crystalline dolomite (matrix selective)-15%, 3-4%
intercrystalline porosity.
5896.5 PATTERNED FOSSILIFEROUS WACKESTONE/PACKSTONE, dark gray,
brachiopods, trilobites, echinoderm plates/fragments and crinoid
columnals, algal? laminae, anhydrite nodules, argillaceous,
3-8% intergranular and intercrystalline porosity, numerous
brachiopods.
SHERWOOD ARGILLACEOUS MARKER
5905.0 PATTERNED FOSSILIFEROUS WACKESTONE/PACKSTONE, gray to dark
gray, brachiopods, corals, ostracods, trilobite fragments,
echinoderm plates and crinoid columnals, fenestral bryozoans,
dolomitic matrix, fauna are horizontally aligned and overpacked,
slightly laminated, microstylolitic swarm@ 5912.0, argillaceous,
8% intergranular porosity, number of fauna decreases upward.
TS-R5906 Dolomitic mudstone; fossils (skeletal debris, ostracods,
brachiopods)-7%, quartz grains-3%, micrite-55%, fine crystalline
dolomite (matrix selective)-30%, 5% intergranular and intercrystalline porosity.
TS-R5911 Dolomitic, silty, fossiliferous wackestone; fossils (brachiopods, corals, echinoderms, ostracods)-25%, quartz grains-8%,
fine crystalline dolomite (matrix selective)-25%, micrite35%, 6-7% intercrystalline and intergranular porosity.
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GALVIN //1
MONSANTO OIL COMPANY
SWNW-12-163N-91W

IP: 360 BOPD, GOR 4092, GTY. 40
REPORTED CORE DEPTH: 5837-5857
ADJUSTED CORE DEPTH: 5839-5859

STATE "A" MARKER BED
5739.0 PATTERNED DOLOMUDSTONE, creamy gray to creamy brown, patterned
texture due to localized concentrations of pyrite, soft, 22%
intercrystalline porosity.
BLUELL BEDS
5740.0 INTRACLASTIC WACKESTONE, brown, intraclasts, possible algal
laminae, slightly patterned, clasts are flattened, stylolitic
contact with State "A", occasional displacive anhydrite nodules,
fractures filled with mudstone, 2% intergranular porosity.
5741.0 INTRACLASTIC PACKSTONE, gray, intraclasts, peloids, brachiopods,
brachiopod fragments, calcite filled fenestrae, stylolitic (type
1, suture, low to medium amplitude, type 2), microstylolitic
swarm@ 5742.0, 3% intergranular porosity, stylolites do not
cut across grains.
TS-S5741.7 Peloidal packstone and wackestone; peloids-45%, grapestonestrace, fossils (calcispheres and ostracods)-trace, micrite-35%,
calcite spar (equant crystals)-20%, fine crystalline dolomite
(matrix selective)-1%, stylolitic (suture, low amp.), no
visible porosity (0%).
5742.3 PISOLITIC/INTRACLASTIC/OOLITIC PACKSTONE, light brown, pisoids,
intraclasts, ooids, peloids, grapestones, interbedded with
pisolitic/intraclastic wackestones near base, calcite and anhydrite filled fenestrae, cemented surface@ 5743.3, 11% vuggy/microvuggy and intergranular porosity.
5743 . 5 MOTTLED MUDSTONE, tan to creamy brown, intraclasts, brachiopods,
mottled, bioturbated, abundant calcite filled fenestrae, 9%
microvuggy and intergranular porosity.
5745.0 INTRACLASTIC/PISOLITIC PACKSTONE, brown, intraclasts, pisoids,
peloids, brachiopod fragments, abundant anhydrite and calcite
filled fenestrae, 10% vuggy and intergranular porosity, good
porosity and permeability.
5746.0 OOLITIC/PELOIDAL PACKSTONE, tan to creamy brown, ooids, peloids,
intraclasts, interbedded with mudstones, mudcracks within
mudstone layers, occasional calcite filled fenestrae, vertical
fracture healed with calcite near base, 8-10% vuggy and
intergranular porosity, mudcracks display edges which bow
upwards, zone grades upward from a intraclastic wackestone
into a packstone.
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TS-S5746.5 Slightly peloidal wackestone; peloids-9%, intraclasts-6%,
fossils (ostracods, green algae, calcispheres, blue-green algaeOrtonella)-trace, micrite-65%, calcite spar (equant crystals)5%, secondary anhydrite-trace, saddle dolomite-trace, pyrite2%, fine crystalline dolomite (matrix selective)-3%, slightly
stylolitic (suture, low amp.), 7% intergranular and vuggy
porosity.
5747.5 PELLETAL MUDSTONE, gray to dark gray, pellets, bioturbated with
pellets concentrated along paths, microstylolitic swarm@ 5748.5,
thin (4cm thick) intraclastic/fossiliferous wackestone@ 5748.3,
2-3% intergranular porosity.
TS-S5748 Slightly dolomitic mudstone; peloids-3%, intraclasts-1%,
fossils (skeletal debris)-trace, micrite-80%, calcite spar
(equant crystals)-4%, fine crystalline dolomite (matrix
selective)-8%, 3% intergranular porosity.
5748.6 INTRACLASTIC/PELOIDAL WACKESTONE/PACKSTONE, brown, intraclasts,
peloids, pellets, brachiopods, ostracods, corals, calcite (some
elongate shaped worm tubes?) filled fenestrae, bioturbated,
occasional stylolites (type 1, suture, low amplitude), localized
concentrations of pyrite, 2% intergranular and intragranular
porosity.
TS-S5750 Intraclastic and blue-green algal wackestone; intraclasts20%, fossils (blue-green algae-Ortonella, ostracods, brachiopods,
green algae, calcispheres, brachiopods, gastropods)-10%,
micrite-50%, calcite spar (equant crystals)-15%, few fenestrae
occluded with calcite spar, 4% fracture and vuggy porosity.
5750.3 MOTTLED INTRACLASTIC/FOSSILIFEROUS WACKESTONE, gray to dark
gray, intraclasts, brachiopods, ostracods, algal filaments,
calcispheres, possible brachiopods spines, bioturbated, abundant
calcite filled fenestrae, 2% intergranular porosity, several
elongate calcite filled fenestrae (worm tubes?).
5751.8 DOLOMITIC MUDSTONE, creamy gray, allochem ghosts, dolomite
crystals and quartz grains suspended in matrix, anhydrite laths,
15% intercrystalline porosity, zone is approximately 10cm
thick and is bounded below and above with microstylolitic
swarms, easily recognized on log using gamma-ray and neutron
responses.
5752.0 PISOLITIC/OOLITIC PACKSTONE/GRAINSTONE, grayish brown, pisoids,
ooids, grapestones, intraclasts, brachiopod spines?, calcite
and anhydrite filled fenestrae, stylolitic (type 1, suture,
low and medium amplitude), cemented surfaces, 3% intergranular
porosity, few vugs which are completely lined with dogtooth
spar, anhydrite associated with cemented surfaces, pisoids at
base have vadose characteristics.
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TS-S5755 Oolitic packstone and wackestone; ooids (with fibrous laminae)27%, pisoids (with fibrous and micritic laminae)-8%, grapestones-4%, intraclasts-2%, fossils (calcispheres and ostracods)trace, micrite-30%, calcite spar (equant crystals)-20%,
celestite-5%, pyrite-trace, 3-4% intergranular porosity.
5758.0 STYLOLITIC MUDSTONE, dark gray, brachiopods, ostracods,
stylolitic (type 2, microstylolitic swarms), abundant calcite
filled fenestrae, slightly mottled (bioturbated), pyrite
scattered throughout matrix, 3% intergranular porosity.
BASE OF CORE@ 5859.0
MARVIN 111
MONSANTO OIL COMPANY
SESW-12-163N-91W

IP: 412 BOPD, GOR 2056, GTY. 40
REPORTED CORE DEPTH: 5752-5864
ADJUSTED CORE DEPTH: 5751-5863

RIVAL SUBINTERVAL
5750.0 ANHYDRITE, steel blue, slightly laminated, 1% intergranular
porosity, extremely tight, anhydrite is replacing carbonate/
dolomite.
STATE "A" MARKER BED
5753.5 DOLOMUDSTONE, creamy brown, intraclasts, ostracods, brachiopods,
abundant algal laminae, pyrite abundant along laminae, very soft,
20-37% intercrystalline porosity, good porosity and permeability,
visible oil staining.
TS-T5758.3 Silty, slightly laminated, dolomitic mudstone; fossils
(ostracods)-1%, quartz grains-8%, micrite-30%, calcite spartrace, fine crystalline dolomite (matrix selective)-32%,
pyrite-5%, 22% intercrystalline porosity.
TS-T5759.1 Dolomudstone; fossils (ostracods and blue-green algaecryptalgalaminae)-5%, intraclasts-3%, micrite-12%, very fine
crystalline dolomite-40%, quartz grains-4%, pyrite-3%, 33%
intercrystalline porosity.
BLUELL BEDS
576 1.0 INTRACLASTIC WACKESTONE, light brown, intraclasts, algal
laminae, abundant amounts of pyrite along laminae and scattered
throughtout matrix, occasional calcite filled fenestrae, 4%
intergranular porosity, clasts are flattened and aligned
horizontally.
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5762.0 INTRACLASTIC WACKESTONE/PACKSTONE, grayish brown, intraclasts,
very stylolitic (type 1, suture, low amplitude, and microstylolitic swarms), abundant calcite and anhydrite filled fenestrae,
1% intergranular porosity, well cemented.
TS-T5762 Recrystallized, intraclastic wackestone and packstone;
intraclasts-40%, microspar-35%, pseudospar-23%, pyrite-1%, quartz
grains-1%, no visible porosity (0%}.
5763.3 INTRACLASTIC WACKESTONE, tanish brown to brown, intraclasts,
occasional ostracods, algal laminae@ 5765.5, slightly mottled,
calcite filled fenestrae, 4-7% intergranular porosity, clasts
are flattened and aligned horizontally.
5766.0 PATTERNED MUDSTONE/INTRACLASTIC WACKESTONE, angular intraclasts,
ostracods, algal laminae, brachiopods, interbedded with intraelastic packstones, patterned@ 5767.0, 10-11% intergranular
porosity, zone grades upward from a patterned mudstone into
an intraclastic wackestone.
5768.0 INTRACLASTIC WACKESTONE, tanish brown, intraclasts, peloids,
brachiopods, brachiopod spines, abundant calcite filled
fenestrae, bioturbated, mottled near base, stylolitic@ 5769.0
(type 1, wavey}, slightly dolomitic, 1-2% intergranular porosity,
3cm thick microstylolitic swarm @5768.0.
5773.0 DOLOMITIC INTRACLASTIC WACKESTONE, creamy gray, intraclasts,
skeletal debris, quartz grains and dolomite crystals suspended
throughtout matrix, zone bounded by microstylolitic swarms, 22%
intercrystalline and intergranular porosity, zone is approximately 20cm thick.
TS-T5773 Dolomitic mudstone; intraclasts-3%, quartz grains-5%, micrite20%, fine crystalline dolomite (partially replacing matrix and
intraclasts)-70%, pyrite-2%, no visible porosity (0%}.
5773.8 INTRACLASTIC/OOLITIC/PISOLITIC PACKSTONE, grayish brown,
intraclasts, ooids, pisoids, peloids, grapestones, abundant
calcite and occasional anhydrite filled fenestrae, stylolitic
(type 1, suture, low to medium amplitude, type 2 with microstylolitic swarm@ 5776.5), cemented surface@ 5777.5, 5%
intergranular porosity, best porosity (10%} within 10cm thick
zone that is interbedded with mudstones and associated with
cemented surfaces.
5778.0 PISOLITIC/INTRACLASTIC WACKESTONE, light brown/tan, pisoids,
intraclasts, brachiopods, algal filaments, abundant calcite
filled fenestrae, numerous vertical fractures healed with
calcite, slightly stylolitic (type 1, suture, medium and high
amplitude}, 5-8% intergranular porosity.
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TS-T5779 Fenestral wackestone; fossils (skeletal debris, green algae,
ostracods)-7%, intraclasts-2%, micrite-67%, calcite spar (equant
crystals)-20%, pyrite-trace, fenestrae occluded with calcite
spar, 3-4% intergranular porosity.
TS-T5781.9 Oolitic grainstone and packstone; ooids (with fibrous
laminae)-55%, pisoids (with fibrous laminae)-trace, fossils
(skeletal debris, green algae, forams)-2%, micrite-15%, calcite
spar (bladed and equant)-25%, 2-3% fracture porosity.
5782.0 OOLITIC/PISOLITIC GRAINSTONE/PACKSTONE, grayish brown, ooids,
pisoids, coated grapestones of ooids, brachiopods, brachiopod
spines, calcite filled fenestrae, vertical fractures healed with
calcite, matrix is slightly dolomitic, 2-3% intergranular
porosity.
5783.0 PISOLITIC/INTRACLASTIC WACKESTONE, tanish brown, pisoids,
intraclasts, peloids, grapestones, brachiopods, brachiopod
spines, gastropods, coral fragments, skeletal debris, calcite
(few elongate worm tubes?) filled fenestrae, occasionally
stylolitic (type 1, suture, medium amplitude), vertical
stylolites@ 5785.0, 5-8% intergranular and vuggy porosity,
vugs completely lined with dogtooth spar, number of gastropods
and brachiopods decrease upward from 5787.0.
TS-T5785 Slightly fenestral and green algal wackestone; fossils
(calcispheres, green algae, skeletal debris, ostracods,
echinoderms)-20%, superfical pisoids (with fibrous laminae)4%, superfical ooids (with fibrous laminae)-2%, quartz grainstrace, micrite-60%, calcite spar (equant crystals)-10%, 2-3%
intergranular porosity.
5788.0-5791 MISSING
5791.0 INTRACLASTIC WACKESTONE, tanish brown, intraclasts, ostracods,
brachiopods, brachiopod spines, worm tubes?, abundant calcite
filled fenestrae, stylolitic (type 1, suture, high amplitude),
bioturbated, 3-4% intergranular porosity.
5792.0 INTRACLASTIC WACKESTONE, grayish brown, intraclasts, pisoids,
rip-up clasts, brachiopods, gastropods, ostracods, brachiopod
spines, numerous interbeds of intraclastic/oolitic/pisolitic
packstones/wackestones, abundant calcite filled fenestrae,
horizontal fractures healed with calcite, occasionally stylolitic
(type 1, suture, high amplitude), cemented surface@ 5795.0,
3-4% intergranular porosity .

235
5796.0 SLIGHTLY INTRACLASTIC/FOSSILIFEROUS WACKESTONE/MUDSTONE, tanish
brown, intraclasts, brachiopods, brachiopod spines, skeletal
debris, bioturbated, abundant calcite filled fenestrae with a
few elongate {possible worm tubes) fenestrae, vertical fractures
healed with calcite, occasional stylolites (type 1, suture,
medium amplitude), 8-10% vuggy and intergranular porosity.
TS-T5797 Fenestral, green algal wackestone; fossils {green algae,
calcispheres, skeletal debris, blue-green algae-Ortonella,
ostracods, echinoderms, forams)-20%, peloids-4%, intraclasts2%. micrite-62%, calcite spar (equant crystals)-9%, fenestrae
occluded with calcite spar, 3% intergranular porosity .
TS-T5800 Fenestral, fossiliferous wackestone; fossils (green algae,
calcispheres, ostracods, forams, skeletal debris)-15%. peloids8% , intraclasts-trace, micrite-50%, calcite spar (equant
crystals)-20%, fenestrae occluded with calcite spar, 7-8%
intergranular porosity.
TS-T5801 Slightly fenestral, green algal wackestone; fossils (green
algae, calcispheres, ostracods, skeletal debris, gastropods)10%, intraclasts-trace, micrite-75%. calcite spar {equant
crystals)-8%, pyrite-trace, several calcite occluded fenestrae
appear to be trace fossils of worm tubes, 7-8% intergranular
and micro-vuggy porosity .
TS-T5804 Fenestral mudstone; fossils {green algae, calcispheres,
ostracods, forams, corals)-4%, intraclasts-1%. quartz grains3%, micrite-74%, calcite spar {equant crystals)-13%, fine
crystalline dolomite (matrix selective)-1%, saddle dolomite2%, fenestrae occluded with calcite spar , 2% intergranular
porosity.
SHERWOOD ARGILLACEOUS MARKER
5805 . 0 STYLOLITIC INTRACLASTIC/PISOLITIC WACKESTONE/PACKSTONE, dark
gray, intraclasts, pisoids , ooids , very stylolitic (type 2 and
microstylolitic swarms) , 2-3% intergranular porosity.
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